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CHAPTER VIIL 


Stone-Lilies, Star-Fishes, Sea-Urchins, and Sea-Cucumbers, 

Subkingdom ECHINODEBMATA. 

CbaracteristicB The star-fish, the sca-urchin, tlw brittle-star, the feather-star, and 

of the Group. sea-cucumber — especially the three former — are well known to all 

frequenters of the seashore ; while the fossil sea-urchins of the Chalk, whose flint- 
casts are so common on the downs of England, the so-called screw-stones found 
in the Mountain Limestom*, the pentremites and crinoids, whose remains are so 
abundant in some parts of North America, are no less familiar to dwellers inland. 
Though these animals diflfer much from one another in shape, a slight scrutiny 
will discover many points in which they resemble one another and diflfer from 
other creatures. Tlioy and their relatives are, therefore, placed in one great group 
of the animal kingdom, the Echinodermata, — a group corresponding in importance 
to the Molluscs, or the Vertebrates. This git)up is, in fact, more clearly defined, 
and more widely removed from other groups than either of the two mentioned. 
If a star-fish, or any of the animals named above, even a sea-cucumber or 
holothurian, be touched with the finger, its skin will be found to have a rough 
surface; this is due to the circumstance that it contains a crystalline deposit 
of carbonate of lime. In a sea-urchin, a brittle-star, or a feather-star, this deposit 
is in the form of little plates, which build up a more or less rigid test ; whereas in 
the star-fish it usually forms a kind of scaffolding, between which there stretches 
the more yielding, leathery akin. In the ordinary sea-cucumbers the deposit 
consists only of small spicules, which roughen the outer surface, and gmte when 
the skin is cut with a knife. If a thin slice of the skin of one of these animals be 
cut and examined under a microscope, the spicules may easily be seen lying in 
its middle layer. It is this same deposit that forms the spines of a sea-urchin and 
the stalked column of a crinoid ; and it is this which has enabled so many of the 
Echinodermata to be beautifully preserved as fossils. To this character is due the 
name of the group, derived from the Greek, ecliinoH^ a hedgehog, and derma, skin. 
Many animals have some deposit of lime, such as the shells of the Molluscs, and 
the bones and teeth of the Vertebrates, but the deposit of the Echinodermata 
differs in two characters : first, that its microscopic structure is that of a mesh- 
woik, or rather of a beam-and-rafter work, since it is deposited in the spaces 
of a network of soft tissue ; secondly, that each element, whether a spicule or 
a plate, is, despite its trellised structure, deposited around regular lines of 
crystallisation. Owing to these characters, the minutest portions of an 
echinoderm skeleton can be recognised, even when fossilised. This tendency of 
the Echinoderms to deposit lime is not confined to the skin, the walls of the 
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internal organs being often strengthened by a deposit of similar stmcture. 
Although, as has been said, each element of the skeleton follows the laws of 
the typical crystallisation of carbonate of lime, yet the structure of the trellis- 

work varies greatly, and is often character- 
istic of the species in which it occura 
Thus, the species of sea -cucumber can be 
distinguished hy the shape of their spicules ; 
and the same is said to be the case with 
those sea-urchins that dej)08it spicules 
among their viscera. 

The next feature noticeable is the 
radiate structure, in many cases giving to 
the animal a star - shape, to which the 
common names star -fish, brittle -star, and 
the like are due. The ordinary red star- 
fish, or cross-fish, of the English coasts has 
five distinct rays, or arms ; and this number 
five, to a greater or less extent, conti'ols 
the arrangement of the organs in the 
majority of the Echinoderms. It can be 
detected even in a sea-cucumber or holo- 
thurian, where, beside the feathery tentacles 
of the head, are rows of shorter sucker-like 
processes, which extend the length of the 
AxcHOR sEA-cuctTMBKR lx>dy ; thcse rows being five in number. 

a, Tentacles round the mouth ; e, Anchor- and plate- The internal Organs, as will be Seen later 
shaped spicules ; c, rf, Similar spicules of un . , j 1 • j i 

allied form. variously attected in the various 

classes of the Echinoderms by this five- 
rayed symmetrj". A radiate arrangement is not, however, confined to Echino- 
derms, as it also occurs in jelly-fish and sea-anemones. Hence those animals 
were once grouped with the Echinoderms, under the title of Radiata. But, if a 
sea-cucumber or a sea-urchin Ixj opened, there is a marked distinction between 
it and a jelly-fish, in the presence of an intestine, shut off from the rest of the 
body-cavity, and often coiling round inside it. In this respect the Echinoderms 
resemble all the animals that have been dealt with in the preceding pages, 
whereas the jelly-fish and their allies differ from them in having no body-cavity 
separated off from the stomach and its processes. Moreover, Echinoderms resemble 
the higher animals in the possession of a system of branched tubes conveying blood 
through the body. 

Examining a star-fish or a sea-urchin, one sees, on the under surface of the rays 
in the former, and passing in five bands from top to bottom of the latter, a number 
of small cylindrical processes, which are usually gently waving about like trees in 
a wind. They lie in each band, or in each ray, along two rows, with a clear space 
between, like trees on either side of an avenue ; hence the whole band of them in 
each ray is called an ambulacrum (garden- walk). Most of these little processes 
end in sucker-like discs, which the animal can stretch out and attach to smooth 
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surrounding objects ; and it is thereby able either to hold itself firm against waves 
or currents, or to pull itself along. Hence these processes are usually called 
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tube-feet; but sometimes they end in a point, and cannot assist in locomotion, 
though they may help respiration, when they are sometimes called tentacles. 
If a single foot be touched, it immediately shrinks up, and if tlie touch bo 
vigorous, the adjacent tube-feet probably follow its example. Tube-feet tom from 
the animal sometimes continue their waving motion, showing that this is, partly 
at least, due to muscular action. Their movements are also caused by the squeezing 
of a fluid into them ; for each foot is like an indiarubber tube closed at the end, 
and passing through the test (as the shell of the sea-urchin is termed) to join with 
one main tube, w’^hich runs along under the ambulacrum in a radial direction ; and 
before it joins this radial canal, each tube-foot gives off a small swelling likewise 
filled with fluid, so that when this swelling is contracted all the fluid is squeezed 

up into the foot, and pushes 
it out like the linger of a 
glove when blown into. The 
radial canals pass along under 
the ambulacra till they join 
in a ring- canal suiTounding 
the mouth. Eventually this 
ciixjular canal is connected 
with the surrounding water 
by a canal passing right 
across the bodj"- cavity to 
the other side of the animal, 
near the vent, wdiere it opens 
to the exterior through a 
plate pierced with a number 
of pores. This plate is called 
the inadrcporite,and the canal 
leading to it — owing to the 
limy deposits formed in its 
walls — the stone-canal. This 
whole system of fluid-filled 
canals is termed the water-vascular system. The foregoing dcsci'iption refers to 
its arrangement in a star-fish, or regular sea-urchin ; but the system occurs, with 
various modifications, in all Echinoderms, and is one of the features that separate 
the group from other animals. 

The Echinoderms are also peculiar in the possession of three, or perhaps four, 
different systems of nerves, of which three, or at least two, are present at the same 
time. One system supplies the skin, the tube-feet, and the intestine ; its chief parts 
being a ring round the mouth, and radial nerves radiating therefrom. The second 
system has a similar arrangement, but lies deeper, and supplies the internal 
muscles of the body-w^all. The third system, which is most fully developed in 
crinoids, starts from the other side of the body, opposite to the mouth, and supplies 
the muscles that work the arms and stem. If the arm of a star-fish be opened 
from the back, there will be seen a pair of pleated extensions from the stomach. 
If these be removed, there will be exposed a pair of orange-coloured tubes, some- 



DIAORAM OF AMBULACRAL SYSTEM OP A STARFISH. 

/, Small swellings connected with the tuhe-feet ; The ra<lial canal with 
which they nnite ; c, Ring-canal into which the radial canals open ; 
c, «?, Membranous sacs that serve as reser^’oirs for water from radial 
canals ; «, Stone-canal, leading from ring-canal to the madreporite, 
91 ; 9/1, Mouth. 



GENERAL CHARACTERS. 


293 


what branched and knotty, which communicate with the exterior at the angles 
between the rays. These are the generative glands. In all Echinoderms, except 
sea-cucumbers, these glands are affected by the radiate structure of the animals ; in 
crinoids the generative products are even produced in the extremities of the arms. 

Dlfltinction of Having glanced at those points of structure in which Echinoderms 

the ciasBes. resemble one another and differ from the rest of the animal kingdom, 
we may shortly examine the main charactei's in which a sea-urchin, a star-fish, a 
crinoid, a brittle-star, and a sea-cucumber differ from one another. First may be 
noted obvious differences in form and in position in the living state. In an ordinary 
sea-cucumber (as shown in the illustration on p. 291) tlie body is cucumber- 
shaped, with the mouth at one end and the vent at the other ; between these run 
the five ambulacra, one or two of M^hich are often more developed than the others, 
so that the animal crawls along on that side of its body, with its mouth foremost. 
A sea-cucumber has no arms or projecting rays, but its mouth is surrounded by a 
circlet of tentacles, often branched, which can be retracted at will. A regular 
sea-urchin, such as the sea-egg {Echinus)^ shown in a later figure, resembles 
a sea-cucumber in being without projecting rays ; but it is more spherical in shape, 
and moves with its mouth towards the sea-floor. On the other hand, in a heart- 
urchin (Sjxita^igua), which moves through and swallows mud and sand, the body 
has become transversely elongate; that is to say, the long axis is at right angles 
to the position it occupies in a sea-cucumber; the mouth having moved a little 
forward, and the vent being transferred from the top of the body to its lower 
surface, so that both the mouth and vent lie on the under surface, at either end 
of the long axis. In a star-fish, as in a regular sea-urchin, the mouth is in the 
centre of the under surface, while the vent is almost in the centre of the upper 
surface, although absent in a few forms. The body is either markedly pentagonal 
in outline, or more or less star-shaped. In the latter case it is said to consist 
of a central disc extended into arms, as in the illustration on p. 304. The number 
of these arms varies from five (Af^teriaa) to over forty {Heliaster) ; but in each 
species with more than six arms the number may vary slightly, although constant 
during the life of the individual; in iMhUliaster, however, fresh arms grow 
out even in the adult. A brittle-star (illustrated on p. 291) resembles a star-fish 
in which there is a sharp distinction between arms and disc; the mouth being 
on the under surface, but the vent wanting. And whereas the arms of a star-fish 
are simply extensions of the body, containing tlu' generative glands and processes 
from the stomach, those of a brittle-star are mere appendages to the body, with a 
stout internal skeleton of separate ossicles, working on one another by well- 
developed muscles, and containing only blood-vessels, water-vessels, and nerves. 
The arms of the brittle-stars are nearly always five in number, though sometimes 
there may be from six to eight. As in the star-fish, the amis are unbranched, 
except in the family Aatrophytidoi, wdiere they fork ten or twelve times, and 
where the numerous branches interlace so as to form a kind of basket-work all 
round the disc, whence these animals are called basket-fish, or medusa-head star- 
fish. A crinoid (illustrated on p. 297) differs markedly from a sea-urchin, star-fish, 
or brittle-star, in that the mouth faces upwards ; the vent being also on the upper 
surface. This position is due to the fact that, so far as we know, all crinoids are 
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at some time of their lives attached by a stalk to the sea-floor, or some other object, 
so that the mouth and vent naturally move up to that side of the body furthest 
from the stalk. This fixed state of existence has also caused the development of 
arms, five in number, but often forked many times, which arms stretch out from 
the body on all sides of the mouth, and contain extensions of the nervous, blood- 
vascular, water- vascular, and generative systems. The representatives of the tube- 
feet are aiTanged along the sides of these arms, on their upper or oral surface, and 
between them is a groove, which is lined at the bottom with cilia, or extremely 
minute hair-like processes, that keep waving in the direction of the mouth, and so 



maintain a constant stream of water towards the latter ; such water containing the 
minute animalculsa and fragments of decaying organic matter on which the crinoid 
feeds. The extinct cystids and blastoids have their mouth in a similar position to 
that of the crinoids, and for a similar reason, but have not similarly branched 
arms. In the blastoids five grooves radiate down the body from the central 
mouth, and from the sides of these grooves there spring small, jointed, but 
unbranched processes, called pinnulea The stem of the blastoids is very short, 
so that when the pinnules have been lost, as is usually the case, the five-grooved 
body looks like a bud, whence the name of the clasa It is difficult to describe a 
cystid as having any definite shape, for the various animals to which this name is 
applied differ greatly from one another in structure. Echinoderms are built upon 
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one or other of the plans of structure just described Moreover, the animals 
formed upon any one of these plans are found to agree with one another and to 
differ fi’om the rest in yet other features. Hence zoologists have divided the 
Echinoderms into seven classes, each of which is again divided into orders. 

All Echinoderms live in the sea, where they find in solution the 
ModeofUie. i 

lime-salts from which their skeletons are built. Is one have become 

modified for a truly fresh- water existence, and in this respect they are peculiar 

among animals; a few holothurians, however, are found in the mud of some 

estuaries and brackish- water lagoons, while a star-fish (Asteracanthi.im) and a 

brittle-star (Oj^hioglypha) occur in tlie brackish waters of the Eastern Baltic. 

Neither can Echinoderms live on land, and though they m.iy exist for a short time 

out of the water when left by tides, still it is only in the water that they can 

breathe or feed. In the sea, h(3\vever, they have a universal distribution ; from 

ice-bound seas to the E(juator ; from shallow shore-pools to mid-ocean ; from the 

surface to the abyss ; on rocky shores, sandy beaches, muddy shoals, and bottom 

oozes, among the roots of the mangrove, or in the meadows of seaweed. This 

universal distribution renders their study one of importance for the geologist, 

especially as their calcareous skeletons are readily preserved as fossils. Their 

remains arc known from rocks of eveiy age in which animals are known to have 

existed, and even the spicules of sea-cucumbers have been found as far back as the 

Carboniferous period. Moreover, the rapidity of evolution in the group, and the 

short period of time during which any one species was in existence, combined with 

the wide area of distribution possessed by many species, render these fossils of 

great value for the correlation of strata in different countrica 

The Cystids, — Class Cystidea. 

The Cystidea have been extinct since the Carboniferous period. Not only 
are they among the oldest animals, but there is reason to suppose that they 
approach more nearly the primitive forms from which all the classes of the 
Echinoderms were derived. Many have not that regularity of symmetry which 
characterises later Echinoderms. Such forms as Eckinosplweray commonly called 
the crystal-apple, are mere round balls composed of a number of plates in which 
it is hard to see any arrangement. Some of them seem to have been unstalked, 
while in others the stalk is quite short. The arms are short, and vary in number, 
bearing but slight relation to the plates of tht^ tt‘st. In some, however, such as 
Glyptoaplmray the ambiilacral grooves, though rati hi* irregular, are five in number 
and lie on the surface of the test, all meeting at the mouth, which is placed in the 
centre of the upper surface. Other cystids seem to be composed of an irregular 
number of plates; but they have become more definitely radiate in structure. 
Some, like Agelecrinus, arc flat circular forms, which live attached by their under 
side to the flat surfaces of shells, and which have five distinct ambulacral grooves 
radiating from the central mouth on the upper side ; while others, like Mesite ^, — 
which resembles AgelecHnus in the arrangement of its grooves, — were attached, if 
at all, by only a small part of the under side. Yet other cystids are definitely 
attached by well-developed stalks, and have their bodies enclosed by a limited 
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number of plates arranged in regular order. Some of these present a six- 
rayed symmetry, such as Caryocrinua, while others are governed by a five-rayed 
symmetry, such as Lepadocrinus and Porocrinua, Both of these groups have as 
a rule better developed arms, which sometimes branch, and are usually five or 
six in number according to the symmetry of the cup. Hence these forms are 
much more like the crinoids than are the other cystids. 

In other Echinoderms the rays with their numerous tube-feet help the 
respiration of the animal, but these were absent or very slightly developed in the 
cystida Thci’e are, however, other structures that are supposed to have served 
the same purpose. In some (Ariatocyatia) the plates of the test are pierced by 
‘Simple pores, while in others (Glyptoaphcara) these pores are in pairs ; but in either 
case the pores are scattered irregularly over the body, and possibly gave passage to 
minute tube-feet. The development of these and their concentration in certain 
areas of the test would produce an arrangement not unlike that of other 
Echinoderms. Other cystids have certain portions of the test pierced by slits 
{Lepadocrinua), and it seems probable that these permitted the surrounding water 
to pass in to the membrane, lining the interior of the test. These structures are 
called hydrospires (water-breathers), and somewhat resemble the cribriform organa 
found in some deep-sea star-fish of the present day {Porcdlanaater\ figured later 
on. Structures called hydrospires have also been described in such cystids as 
Caryocrinua and Echinoaphcera \ but it is doubtful whether these actually sub- 
served respiration, although the true hydrospires may have been evolved from 
some such undeveloped structures. 

Another point of interest in the cystids is the light they throw on the origin 
of the crinoid stem, which is formed of a series of flat ringa The simple round 
plates, with a circular hole through the middle, are often called St. Cuthbert's beads, 
while those marked with five petals, so common in the Lias at Lyme Regis, have 
been termed star-stonea Technically the two kinds are distinguished as EntiXKshi 
and Astroites. They are familiar in the polished slabs of Mountain Limestone, 
in which it may be seen how the long stem is formed of a number of these round 
ossicles jointed together, and pierced throughout by a narrow canal. The ossicles 
are joined by ligaments passing right through their solid substance, and endued 
with slight muscular power ; the central or axial canal serving for the passage of 
blood-vessels, which are surrounded by a sheath of nervous tissue that controls 
the movements of the stem. By one end the stem is attached to the sea-floor, 
either by a flattish encrusting extension of its calcareous substance, or by a number 
of fine branches or rootlets, as in the root-crinoid {Rhizocrinua\ herewith figured. 
By the other end the stem is attached to the plates forming the cup enclosing 
the body of the animal, and it is at this end that it grows, by the constant 
development of new ossicles between the cup and the upper segments of the 
stem. Now, if we suppose that the crinoids, like other Echinoderms, sprang from 
sac-like ancestors with a number of irregular and small plates, it is difficult to 
understand how such a stem was evolved ; but the mystery is elucidated by some 
of the cystids and older crinoids. First, it may be noted, that in those cystids 
possessing a crinoid-like stem, as well as in many of the older crinoids, the axial 
canal of the stem is much larger than it is in later forms. Secondly, that in many 
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older crinoids, the ossicles of the stem, instead of being simple rings, are generally 
composed of five ecjual parts. In other words, there are five radial sutures or 
joint-surfaces, running the whole length of the stem and dividing each ossicle 
into five parts. These sutures are more con- 
spicuous towards the root end of the stem, which ^ 

was of course the first to be formed in each 

individual. Thirdly, examination has shown that SJm 

in some of these stems, especially towards the root ^ 

end, the five portions of each ossicle do not lie 

regularly above the five portions of the under- 

lying ossicle, but alternate with them to a certain 

extent, just in the same way as the circlets of yimjB 

plates tliat make up the cup of a ej*inoid alternate fljgS 

with one another. These facts alonti would lead vj^ 

us to suppose tliat the stem was originally com- 

posed, like the cup still is, of a series of circlets of I 

small plates, five in each circlet, and alternating 3 

with one another; that the stem was, in fact, jj 

nothing more than a continuation of the cup, ij 

with essentially similar structure. Turning to the tj 

cystids, we may see how this view is confirmed and 

extended. In certain forms, such as Trochocyatisy 

that part of the stem next the body consists of a g 

double series of alternating plates, which arc thin jj 

and enclose a large hollow. In Arachnocystis the jj 

whole stem consists of four or five series of alter- B 

nating plates. In jyencZroc’y 5^ the plates forming B 

the upper part of the stem can only be distinguished g 

by their smaller size from those forming the cup ; U 

below they merge into the normal series of single fj 

ossicles. Cigara is the name given to a sttun 

entirely composed of small irregular plates. \Vc 

may, therefore, conclude that the stem originated ^ 

as a portion of the body of the animal, elongated, 1 

and gradually becoming more and more regular 

in its structure. The curiously elongate and 

irregularly plated form called Filocyatis may repre- ^ 

sent the earliest stage in its evolution, before one ^ 

can even say that a stem is dilFerentiatcd at all. ^ 


The Stone-Lilies or Crinoids, — 

Class Crinoidea. 

L0F0DEI7 BOOT-CRINOIDS (} Uat. size). 

The crinoids differ from the more highly 
developed of the cystids in the greater regularity of their structure — the symmetry 
of which is nearly always governed by the number five, — in the greater development 
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of the arms — which are often much branched, — and in the absence of special breathing- 
organs, which were no longer needed. It is easy to see how an organism that is 
fixed, and equally affected on all sides by the suiTounding medium, whether air or 
water, develops a radiate symmetry ; the same result being obvious in the case of 
most fiowering plants. Slight consideration will also show why the number five 
has been favoured by these particular animala The body of a crinoid is encased by 
a limited number of I'elatively large plates, united together by the skin in which 
they are developed, and it is clear that the sutures between these plates are lines 
of weakness. Supposing that there were four plates in each circle, then the four 
sutures would be in opposite pairs, and the lines of weakness would run right across 
the body of the animal, which would easily be broken ; and the same result would 
follow if there were six plates and three pairs of opposed sutures. Though the 
test might be more fiexible, still there would be three lines of weakness in each 
circle instead of two. But when there are five plates, eacli suture lies opposite to 
the middle of a plate, and so the line of weakness does not run right across the body. 
A few crinoids have essayed other forms of symmetry, but none have had a long 
existence. The alternation of the plates in a crinoid may be explained by similar 
mechanical considerations ; for such an arrangement corresponds to the bonding of 
successive courses of bricks in a wall. There is reason to suppose that the ancestors 
of all crinoids, as well as most of the Palaeozoic crinoids, were attached to the sea- 
fioor or some other object throughout life by the stem. On hard rocky bottoms the 
attachment was by means of an incrustation, as in the pear-encrinite {Apiocrinns) 
of the Bradford Clay ; but on oozy bottoms the end of the stem broke up into 
numerous branches called cirri, as in the Rhizocrin m of modem seas. In course 
of time these cirri were developed, not only at the root end, but also higher 
up the stem, and eventually they came in some genera to be arranged in regular 
whorls of five, as we see them in the living Pentacrinus. Since crinoids were 
at all times liable to be broken from their attachment, some of them gradually 
acquired slight faculties of Icxiomotion, although they prefer to renew their 
attachment, even though this be transferred to some other object. Sometimes the 
whole end of the stem coiled itself around the stem of another crinoid, but usually 
it became anchored by such cirri as chanced to remain on the preserved portion. 
In those crinoids that have the cirri in whorls, the ligaments that unite the joints 
of the stem stop short just below each ossicle bearing a cirrus, so that the division 
between this ossicle and the one below yields readily to a bending or blow ; and 
thus the crinoid can anchor itself easily by the whorl of cirri left at the end of 
its broken stem. In some cases there is developed at the end of the stem a little 
ball of calcareous tissue, serving as a weight to keep the animal right way up, as 
it moved slowly through the water by the waving of its arms; and in certain 
forms this ball developed spines, directed upwards like the flukes of an anchor, 
and serving the same purpose. 

The stems of most crinoids have no great power of bending or coiling, since 
the ridges and ligaments are distributed equally all over the joint surfaces. 
Writing of pentacrinids, dredged in the Caribbean Sea, Professor Agassiz says: 
“ They move the cirri more rapidly than the arms, and use them as hooks to catch 
hold of the neighbouring objects, and on account of their sharp extremities they 
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are well adapted to retain their hoKL The stem itself passes slowly from a rigid 
vertical attitude to a curved or even drooping position.” Other crinoids, like 
HerpetocT'inua, have, liowever, a single fulcral ridge running across the surface of 
the joints, allowing far more play between the latter. In Platycrinvs the joints 
had an elliptical outline, and the fulcral ridge formed the long diameter of the 
ellipse. Such a structure would naturally give the stem great power of bending, 
but only in one plane. This restriction was got over by giving the joints a slight 
skew, so that the stem was twisted like a corkscrew and capable of movement in 


every direction. In Rhizocmnua the 
twisted that the fulcral ri«lge at the top 
is at right angles to the one at the 
bottom. These typos are, however, 
merely side branches from the main 
stem of crinoid evolution; the chief 
adv’^ance having proceeded along the 
lines of free locomotion. At various 
periods forms have existed, which, 
having once tasted lilierty, have gradu- 
ally dropped all traces of their former 
attachment. Thus, Agasttizocrinus of 
the Coal-Measures is a crinoid that has 
nothing left of its stem but a solid knob 
at the base of the cup; Miller icriniui 
of the Great Oolite has lieen found at 
all ages and stages of development, the 
young individuals with a normal stem 
which gradually withers as the animal 
gets older, till in full-grown specimens 
it is a mere tapering process. Uinta- 
crinus and Markup it es from Cretaceous 
beds, are two genera as unlike in 
essential structure as crinoids well 
could be, but resembling one another in 
having thin-plated large cups, without 
the smallest relic of a stem. A little 


18 attained by each joint btdng so 


0 ^ 



MEDUSA-HEAD FENTACBINID. 


a, Crown and ]>art of stem (uat. size) ; 6, Upper surface of 
tlic bo<ly, the arms broken away, showing the food- 
grooves passing to the central mouth. 


crinoid of Jurassic age called Thiolliericrinuii appears, however, most nearly 
related to, if it be not the actual ancestor of, most of the free-moving unstalked living 
forms. It seems to have been related to Bourgucticrinits Biid RhizocrinuSy \mi, 
like Millericrinus, gradually dropped its stem, while the upper joint of the stem 
coalesced and began to bear cirri. In the common feather-star (Antedon) of the 
British seas this process has gone yet further ; the animal breaks away from its 
stem when quite young, but retains the uppermost swollen and coalesced segments 
of the stem, which form one solid mass bearing a number of cirri, while the t^vo 
lower circlets of cup-plates almost entirely disappear, so that only the upper circlet 
of plates, from which the arms arise, remains. The AntedonidcBy which have all 
arisen since Jurassic times, include not only numerous species of AntedoUy but at 
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least as many more of a closely allied genus, Actinomeira, as well as three other 
less common genera, named Atelecrinus^ Eudiocrinus^ and Proinachocrinua. They 



are far more numerous 
at the present day than 
the stalked crinoids, and 
occur in all parts of the 
world, but their head- 
quarters are in the 
Eastern Archipelago. 

There are a few 
crinoids that have 
diminished their stem, 
but have nevertheless 
remained att^iched, so 
that at last the cup has 
come to bo fixed on the 
sea -floor without the 
intervention of a stem. 
Such a form is the 
stumpy and thick -set 
which is among 
the greatest rarities in 
museums. It lives at 
depths of about a 
hundred fathoms in the 
Caribbean Sea. Similar 
forms occur in some of 
the shallow-water and 
reef deposits of Jurassic 
and Cvretaceous age. 
Many of these have 
become a little unsym- 
metrical and bent over 
in one direction ; which 
may, perhaps, be ac- 
counted for by their life 
on reefs, where food is 
brought to them by 
currents flowing only 
in one direction. 

Next to the stem, 


ROSY FEATHER-STAR, CUNOINO TO A TUBE OF BABELLA WORM 
(uat size). 


the most characteristic 
structures of a crinoid 


are its anna Each arm starts from one of the five plates that form the uppermost 
circlet in the cup. The arms are said to be radial in position, and those plates from 
which they start are specially distinguished as the “ radiala” In many forms, such 
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as Cyathocrinus, the upper edge of each radial is notched by a horseshoe-shaped 
facet, provided with a transverse fulcral ridge and muscles, so that a regular 
articulation is formed for the working of the arm up and down. In such forms — 
known as Inadunata — the arms are quite separate from one another and are easily 
distinguished from the plates that compose the cup. But in the forms to which the 
names Flexibilia and Camerata are applied, smaller plates are developed in the 
spaces or interradii between the arms, and these additional plates bind the arms 
together and so incorporate them in tl)c walls of the cup. A crinoid of this kind, 
such as Actmocrinua or Uintacrinus, has therefore a much largiT body than a 
Cyathocrinus or Pentacrinus, Sometimes the arms form jiart of the cup without 
the intercalation of interbrachial plates ; while yet other plates may be developed 
between the forks of the arms themselves. In the Flexibilia the plates that form 
the cup are rather loosely joined to one another, so that there is some play between 
them ; the arms also have much power of motion. In the Camerata the plates are 
more firmly united, and additional fixity is given to the cup by the strengthening 
and solidification of the upper surface around the mouth. In the Inadunata and 
Flexibilia the grooves on the inner surface of the arms, which convey food to the 
mouth, pass over tliis upper surface of the cup, and are merely protected by the 
ordinary small plates that can be opened or shut down over them. But in the 
Camerata the plates of this upper surface of the cup have become so thick and 
welded together, that the grooves are no longer open, and even in some cases have 
been pressed down beneath the surface, underneath which they form regular 
tunnels. The mouth too is no longer visible on the upper surface. Crinoids of 
this type were most abundant in the Carboniferous period, and it is to a large 
extent their remains that make up the masses of Derbyshire marble. 

Among curious modifications of ann-structurc may be mentioned the Silurian 
Croialocrimis. Here the arms arc forked many times, but all the separate 
branches are joined together at their sides, so that the arms when outspread form 
a single net. In Peialocrinus of the same age this process has been carried so far 
tliat the branches of each arm are solidly fixed together, and the crinoid appears to 
be provided with five paddles. In Uiiitacrintfs the ttm arm-branches reached the 
enormous length of 3 feet, and seem to have been capable of movement in various 
directions, so that the swimming powers of the crinoid must have been greatly 
enhanced. Saccocovia, which lived in the still lagoons where the Solenhofen litho- 
graphic stone was deposited, had a very light body and long, fine amis, provided 
with flat oar-like processes. 

The locomotion of the free forms is efibeted by the raising and depressing of 
alternate arms, and the movements of these arms arc correlated by the peculiar 
nervous system that has its headcjuarters at the bottom of the cup. This 
swimming has been observed in both Avtedon and ActinoDietin kept in an 
aquarium. As a rule, however, these animals remain attached by their cirri to 
rocks, to the bottom ooze, to seaweeds, or to other marine animals. In this 
position the arms are outspread, and the small branches or pinnules that line their 
sides are kept slightly waving. If the water be ruffled, the first impulse of the 
crinoid is to flatten its amis out suddenly and to hold on to the rock or other 
object with its pinnules. The pinnules of an Antedon can be bent in any direc- 



302 


ECHINODERMS, 


tion ; those near the extremity of the arm being specially active. If its extremity 
be touched by any irritating substance, the arm is erected at right angles to the 
upper surface of the animal and so removed from the other arms, while the pinnules 
move something like the legs of a fly that is cleaning itself. If, however, this 
proves ineffectual, the arm bends over to the one on the opposite side, the pinnules 
of which then assist in the operation. The pinnules move in this manner to dis- 
embarrass the arm of fragments of foreign matter that are too large; but the 
hooks at the end of the pinnules can catch and retain minute fragments, which, as 
they decay, attract animalculoe, and so furnish food for the animal. If a stimulus 
be applied to any point on the under surface of the animal, the arms on the side 
from which it comes are simultaneously and forcibly pressed down, apparently to 
create a current that shall wash away the irritant. If an arm be cut off, it will 
continue to move for a short time. The crinoid, however, flattens its remaining 
arms, and rests immovable for half a minute ; it then slowly crawls in a direction 
away from the wound. Antedon does not appear to like the light, and if placed 
on the surface of a stone in a glass vessel, always prefers to crawl to the utkIoi* 
side, where it remains fixed by its cirri. If, however, a strong light l)e reflected 
on to the under side of the stone, while the top is kept dark, the animal will crawl 
back to the top. It is by crawling that the crinoid usually moves from place to 
place. The arms on the side towards which it intends to move, are stretched out ; 
the pinnules arc curved backwards towards the body, like so many grappling-hooks ; 
and the arms are then curved up in S-fashion, thus dragging the animal along. 
Meanwhile, the arms of the opposite side move in the converse way, and their 
pinnules are directed away from the body, so that they push instead of pull. 

At the present day crinoids live in all seas at depths betwt^<‘n fifty and three 
thousand two hundred fathoms; but they prefer clear and undisturbed waters. 
The same has been the case in former geological periods, for while crinoids are 
abundant in limestones, of which their own remains fonn large masses, they are much 
rarer in sandstones and shalea As in the case of the well-known pear-encrinite, 
colonies of crinoids that lived in clear water have been suddenly overwhelmed by 
an influx of mud, which fii’st killed and then preserved them. Unstalked as well 
as stalked crinoids live chiefly in colonies; but this is due less to sociability than 
to limited powers of motion even in the larval state. In the older rocks, 
individuals of many different genera and species may be found that lived in close 
association. In the later periods it is more usual to find numerous individuals of 
the same species in association ; examples of such colonies among stalked crinoids 
are Rhizocrinvba in the North Sea and off North America, liathycrinua in the 
Southern Ocean, PmUtcrinubs off Portugal and in the Caribbean Sea, and 
Extraevinus in the Lias of Lyinc-Regis. 

The food of crinoids consists chiefly of foraminifera, diatoms, and the adults 
of small and the larvm of larger crustaceans. Crinoids themselves form food 
for fish, though nowadays their place seems to be taken by the brittle-stars and an 
occasional sea-urchin. As protection against such attacks, some crinoids have 
been provided with spines, either as movable processes from the plates of the 
test, as in Dorycriniis from the Carboniferous of North America, or, very rarely, 
movably attached like the spines of a sea-urchin, as in Hyatricrinua from the 
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Devonian of the same country. Parasites, however, find crinoids an easy and 
almost unresisting prey. A suctorial crustacean, eggs and all, has been found in 
the body - cavity, 
while a decapod 
crustacean occasion- 
ally inhabits the in- 
testinal tube. The 
annexed figures re- 
present the cysts 
formed by the crinoid 
in response to the 
irritation set up by 
the presence of a 
pamsitic worm, in 
wliich cysts it takes 
up its abode. There 

1 11 X SWELUNGS IN THE PINNULES OP CRINOIDS PRODUCED RT A 

arc also worms that (twice nat. size). 





bore into tlie stem, as 

well as boring sponges, and corals that affix themselves to the stem. The crinoid 
generally makes some attempt to overwhelm these intruders by the rapid deposition 
of the calcareous skeletal substance ; so that in the rocks greatly thickened stem- 
fragments are found enclosing the remains of corals, brachiopods, etc. 


The Blastoids, — Class Blastoidea. 

The Blastoidea constitute a compact group, pretty clearly marked off from 
both Cystidea and Crinoidea, which they res(‘mblc in the upward position of the 
mouth and the gt^ian-ally fixed habit. The chief character that separates blastoids 
from other echinoderms is the presence of an elongate plate, the lancet-plate, 
underlying the ambulacrum and pierced by a canal supposed to have contained the 
radial water-vessel. Tliest? five canals meet in a circular canal mund the mouth, 
but there is no evidence that they wore c/)nuected with tube-feet as in other 
echinodenns. Each side of each ambulacrum was lined by a row of delicate, 
unbranched arms ; and the food-grooves of these arms passed to a single groove 
running down tlie middle of the surface of the ambulacrum, and these five grooves 
then passed up to the mouth. 

The most interesting structures in the Blastoidea are the hydrospires. In such 
a form as Fcatremifes there are five openings (spiracles) round the mouth, placed 
in the interradial areas between the ambuhicra. From each of these spiracles, a 
canal passes under the test in a direction away fixjin the mouth. This canal soon 
branches, and a branch goes to the side of each ambulacrum. Each branch of the 
canal swells into a pouch with tliin walls that are strengthened by a slight deposit 
of lime ; and these walls are thrown into folds so that their surface is increased. 
There is thus a folded pouch mnning along the inside of the test under each side 
of an ambulacrum ; and from this pouch short tubes are given off which open to 
the exterior through pores at the sides of the ambulacrum, which pores alternate 
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with the arms and are not in any way connected with them. These hydrospires 
are clearly quite different structures to either of the two kinds of structures that 
go by the same name in the Cystidea. They have been compared with certain 
structures in the Ophiuroidea. In the latter animals are oval pouches, wliich lie at 
the sides of the arms where they spring from the body or disc, and which open to 
the exterior by slits. Their walls are strengthened by calcareous rods, and into 
them the ovaries open, so that developing young are often found in them, as in the 
marsupium of a kangaroo. They are known as genital bursae, but their folded 
inner walls probably serve to bring the outer aerated water closer to the internal 
organs of the body, that is to say, their function is in part respiratory. We may, 
therefore, fairly suppose that the hydrospires of Blastoids served primarily for 
respiration, possibly in place of tube-feet, and secondly for the maturation and trans- 
mission to the exterior of the generative products. All blastoids have not 
hydrospires of precisely the same structure as those al)ove described, since in some 
they are more like the slits previously mentioned in Lepculocriniis and Forocrinu8\ 
while they are always in the same interradial position, which is not the case with 
the cystids. 

The Star-Fishes,— Class Asteroidea. 

With the Asteroidea we come to echinoderms that differ from those hitliorto 
described, and resemble those to be dealt with, in that none of them arc fixed, but all 
are free-moving, and in the fact that the mouth is not directed upwards. There is, 

howe\’ia’, reason to be- 
lieve that these free 
forms are, like the free 
crinoids, descended from 
ancestors that were 
fixed ; and in tlie young 
Afiteriiia, at all events, 
there is a prolongation 
of the forepart of the 
body, which not only 
corresponds in position 
to the prolongation that 
becomes the stem in 
crinoids, but actually 
serves for a short time 
as an organ of attach- 
ment. But whereas in 
the crinoid the moutli . 
moves upwards to the 
surface opposed to this 
organ of attachment, and there becomes surrounded by arms, which similarly face 
upwards, in the asteroid the mouth and its surrounding arms are bent downwards 
so as to face the sea-floor, and the animal, instead of collecting its food from the 
water above, extracts it from the mud below. Correlated with this mode of life, the 
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vent and madreporite are on the upper side of the body. So little is known of the 
Palceozoic star-fishes and their relations to later forms, that all classifications must 
be regarded as provisional. Subdivisions have been based on the character of the 
so-called pedicellarise. These are small pincer-like organs that occur in star-fishes 
and sea-urcliins, on the surface of the test, as shown in the illustration below. 
The movable spines covering the surface of these animals, and varying in size from 
minute, delicate, bristle-like structures to long rods, which may be thin and 
pointed, or thick, or oven globular, are familiar to all. The pedicellarise are 
probably derived from the smaller spines; two 
of these united at the base by a muscle, and 
slightly curved so as to approach one another 
at the ends, form the simplest kiud of pedicellaria ; 
and, by gradual modifications of this type, all 
the varieties may be derived. Many uses have 
been ascribed to the pedicellarisB, such as holding 
pieces of food, or removing dirt from the surface 
of the test. In some sea-urchins they are pro- 
vided with poison-glands, which seems to show 
that they serve as weapons of offence in those 
cases. It has been considered that in sea-urchins 
their chief use is to catch hold of fronds of 
seaweed and keep them steady until the spines 
and tube-feet can be brought into action. The 
inner surfaces of the forceps in the pedicellarise 
are remarkably sensitive, and the blades close on ' 

any minute object immediately their inner sur- 
faces are touched by it. It seems, however, that in spite of the amount of attention 
devoted to these organs, we do not yet undc^rstand all their uses. Besides spines 
and pedicellaria^ star- fish also have on the surface of the skin small tubular 
processes, containing an extension of the body-cavity. These have very thin, con- 
tractile walls, and doubtless serve to assist rcsspiration. All star-fishes have tube- 
feet, but in some these have no suckers at the end, and in all cases those which are 
at the ends of the rays are used only as feelers, and are stretched in the direction 
in which the animal is moving. At the extremity of each arm is a single tube- 
foot, which is the first to be formed, and is known as the unpaired tentacle ; this 
being always stretched straight out. Immediately above this tentacle is a small 
eye, coloured by red pigment, and protected by small tentaclea 

Star-fish are sluggish animals, rarely moving of themselves, and staying for 
days in the same position. Those kept in tanks or in glass vessels prefer to cling 
to the side, instead of lying on the bottom. When disturbed, however, a star-fish 
can travel at a considerable pace. Those star-fish that have suckers crawl by means 
of their tube-feet, while those that have no suckers still use their tube-feet slightly, 
but also progress by the muscular movements of the rays. The short-armed 
Asterina and Astropecten can right themselves in less than a minute, and accom- 
plish the act by raising themselves on the tips of four rays, and then turning a 
somersault by throwing over the fifth ray. Asteriaa takes rather longer, and 
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•effects its purpose by first twisting over one or two of the rays and catching hold 
of the ground by the suckers. It then gradually turns over the rest of the body. 
Cribrdla rights itself in the same way as Asterias, but, apparently because of the 


stiffness of its skeleton, takes much longer 
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over the process. Star-fish, like other 
echinoderms, are a sociable class. 
Even the deep-sea forms sometimes 
live in swarms. Many shallow-water 
forms also are gregarious, and some 
species have been observed to pair at 
the breeding -season. The deep-sea 
star -fish, writes Alcock, “subsist 
largely on molluscs, the shell-, of 
which, along wdth the chitinous 
remains of prawns and aiiiphij)ods, 
are often to be found in their 
stomachs ; but some of the character- 
istic deep-sea forms appear to gorge 
themselves with globigerina-(K)ze.’* 
The shallow- water forms prefer hard 
ground, rocks, reefs, or beds of hard 
sand, where they find in abundance 
the molluscs and small crustaceans 
on which they feed. 


Between the Asteroidea and Ophiuroidea, the family Briaingida* has been 


considered by some a link ; but in all essential features of structure they agree 
with the Asteroids. Superficially they resemble the Ophiuroids in having long, 


thin, flexible arms, clearly distinguished from the small central disc or body. 


The BRrrTLE-STARs, — Class Ophiuroidea. 

The name Ophiuroidea, given to the brittle-stars, refers to their long serpent- 
like arms, which arc attached to a relatively small and usually rounded body or disc. 
The digestive and generative systems do not extend into the arms, but are confined 
to the body ; so that the arms are appendages to the body, rather than portions of 
it. They are cylindrical, and have no groove on the under side, such as exists in 
star-fish, but have little openings through which the tube-feet pasa In this class 
it is the arms themselves, and not the tute-feet that are used for locomotion. The 
tube-feet accordingly have no terminal suckers, but are very sensitive to touch, 
and probably assist respiration. The greater part of each arm is formed bj^ a 
central axis of successive calcareous segments, not unlike the vertebrae of a back- 
bone. Each arm-ossicle or vertebra is, however, composed of two parts, one on 
either side, and united in the middle line ; the successive ossicles being connected 
by pairs of strong muscular bundles, and articulating with one another by tenon- 
and-mortice joints. According to the degree of development of these joints, the 
arms have varied powers of coiling. Thus, in the Cladophiv/rce, the ossicles have 
more or less saddle-shaped faces, so that the arms can l>e twisted round foreign 
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objects or rolled towards the mouth ; in the Streptophiurm, the faces of the ossicles 
have slight pits and processes, but none sufficient to prevent the ossicles being so 
twisted on their neighbours that the amis may be rolled up towards tlie mouth ; in 
the Zygophiurce, the faces of the ann-ossicles have articulating knobs and pits, 
which prevent the anns from being rolled up towards the mouth. These vertebial 
arm-ossicles are encased in the tough outer skin of the ami, in which arc developed 
granules, plates, and spines, whicli are least definite and regular in the Clado2jhinrai, 
most definite in the Zygophiitra!, The spines, which are clearly shown in the 
annexed figurci of Ophiothrix, are borne on the side-plate^ of the arm, and aid the 
animal in locomotion. 1'he integument of the disc abo bears plates or scales of 
various sizes, often more or less covered 
with granules and minute spines. The 
precise arrangement of the plates on the 
top of the (line varies in <lifferont species; 

1 )ut five pairs of plat(\s, known as the radial 
shields, are always present at the base of 
the arms, and are shown in the annexed 
figure. On either side of the arms i\here 
they join the disc, there is seen on the under 
surface a slit-like opening. Tluisc openings, 
known as the genital slits or clefts, are 
usually single but sometimes double ; they 
lead into thin-walled pouches or bursm at 
the sides of the rays. In a living ophiurid, 
the disc alternately expands and contracts, 
and thus water is pumped into and out of 
the pouches, through the slits. The enter- 
ing water brings oxygen, which it ex- 
changes, througli the thin walls of tlie 
pouch, for the carlx)nic acid contained in 
the water of the body -cavity, and then 
goes out again by the return current. common brittlb-star (3 nat, size). 

Hence the pouches are called respiratory 

bursfiB. But they have another function, since the ovaries enter into them, and the 
ripe ova may either be carried out by the current through the slits, or tliey may 
remain and undergo direct development in the pouches themselves. Around the 
mouth arc a number of short flat processes, or papillae, serving as strainers, and 
keeping foreign bodies that are not wanted for footl from entering the stomach. 
Round the mouth are also twenty tentacles, which are really the modified tube-feet 
of the two first arm-segments of each arm. They are in a state of continual move- 
ment, assisting the food to enter, and clearing away the undigested residue, which 
is ejected from the mouth. 

The branched ophiurids, or Cladophiurcc, are sedentary, attaching themselves 
by coiling their branching arms around corals and suchlike animals; but can move 
when they pleasa The same mode of life is also affected by a few of the simpler 
forms ; but, as a rule, ophiurids have considerable powers of locomotion, of which 
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they readily avail themselvea Most walk rather than creep, raising themselves 
on their five arms as upon legs ; stretching out one or two arms in front, and 
drawing the rest of their body in the same direction. Even in a state of repose, 
the arms alone touch the ground, the disc remaining raised above it In other 
forms, however, the rays of the body undulate laterally, and produce a creeping 
serpentine movement Bondelet wrote that the common brittle-star creeps by the 
flexuous movement of its rays in the manner of serpents, and, placed on dry land, 
never ceases to move them, until it casts them off in pieces, which, although 
separate, move by bendings, like parts of worms and the cut-ofF tails of lizards. 
The little Amphinray which lives under stones, among the roots of seaweed, 
can turn its arms very quickly around its disc, and so form itself into a little 
ball ; thus, if it be disturbed, it can roll and sink quickly into deeper parts of the 
water. Sometimes ophiurids are seen to progress by a kind of rowing motion of 
the arms. 

The Sea-Urchins, — Class Eohinoidea. 

The sea-urchins are the best known, as they are the most numerous of all 
echinoderms. The annexed illustration shows the test or shell of the egg-urchin, 
with the spines on the right side, but scraped away from the left. The plates of 
the test are seen to be covered with rounded tubercles of various sizes, and it is to 

these that the spines are attached by 
a ball-and-socket joint, surrounded by 
muscles that can move the spines in 
any direction. The tul)ercles do not, 
however, cover the whole test indis- 
criminately, but are disposed chiefly in 
five broad zones, extending from one 
pole to the other. Alternating with 
these are five nairower zones, bearing 
smaller and fewer tubercles, and pierced 
by small holes arranged in regular rows. 
Through these holes pass the tube-feet, 
which are all provided with suckers 
at the end. These latter zones are, 
therefore, the ambulacral zones; one 
of them being seen in the middle of the illustration. The other zones are called 
interambulacral, and one of them is shown on the left of the same illustration. All 
the zones converge towards the summit of the test, where the vent is situated 
in a circular space covered with membrane. This membrane contains a few 
irregular granules, and is surrounded by five large interradially placed plates, 
pierced by the ducts of the generative glands. One is also pierced by a large* 
number of small water-pores, and is called the madreporite. Outside these five 
plates, and alternating with them, are five other plates, each situated at the top of 
an ambulacral zone, and pierced by the unpaired tentacles, which teminate the 
water-canals, and represent the unpaired tentacles near the eye at the ends of the 
arms of a star-fish. At the other pole of the body is another membrane, sur- 
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rounding the mouth-opening, through which may be seen five pointed teeth. 
These belong to a very elaborate masticating apparatus, shown in the illustration, 
and found in all the regular urchins, as also in the Clypeastrida among the 
irregular urchins. This consists of twenty principal pieces arranged into a five- 
sided conical mass, compared by Aristotle 
to a lantern (a). In the centre of the 
whole are five teeth (6, c), working in 
bony sockets, or pyramids, connected by 
muscles with one another, with the interior 
of the test, and with the arched processes, 
known as auricles (d), that surround the 
mouth - opening. There are yet other 
calcareous pieces connecting the pyramids 
together, and serving as attachments for yet other musclea Such a sea-urchin 
as that described, preserves as much as any echinoderm the five-rayed symmetry 
of the group ; but in many forms the five-rayed type is not so obvious, for the 
animal has become elongated along one of the axes, so as to have a superficial two- 
sided symmetry. This is naturally connected with constant movement in one 
direction, as though the animal had a head and tail ; and such modification is found 
among those urchins that live on muddy bottoms, and especially in those from 
considerable depths. Not only is the test elongated, but the mouth moves forward 

to the front margin, and the vent down- 
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wards to the hinder margin, so as 
eventually to lie on the under instead 
of on the upper surface of the test. An 
earlier stage in this modification is 
shown in the illustration of the shield- 
urchin (Echinarachnius), and a fully 
developed one in the heart -urchin 
{Brissopais), with its long tube -feet 
extended in the act of walking towards 
the left. These heart-urchins, as they 
move along through the sand and mud, 
scoop it up into their mouths, and pass 
it through the intestine, extracting on 
its passage such nutriment as the 
minute organisms it contains can afford. 
To enable them to scoop it up in this 
way, the hinder margin of the mouth 
is produced forwards in a kind of shovel shape, as is shown in the illustration of 
a Pourtalesia test from which the spines have been removed. These animals live 
at very great depths in the sea, and are the urchins most modified in this particular 
direction. Urchins of the heart-shaped type have short delicate spines, and move 
almost entirely by their long tube-feet, in the manner described ; but the greater 
number of the regular urchins progress chiefly by the aid of their spines, which 
are much stouter, wdiile the tube-feet often have the suckers very imperfectly 
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developed. The spiilcs of sea-urchins also servo as organs of protection ; but their 
efficacy varies much in different forms. For instance, Diadema setoswm has fine 
sharp spines, 8 or 10 inches long, which prick one almost before one can see them, and 
can pierce the stoutest boot ; their danger being increased by the gregarious habit 
of the animals. Some sea-urchins have poison-glands attached to their spines. 
It is the smaller spines that are protective, and they arc placed for this purpose 
near the main openings and organs of the body, such as the vent, genital pores, 
and eyes; they also protect the ambulacra, and bases of the larger spines. A 
Porocidaria feeling itself free from danger, in well aerated water, walks from 
one side to the other, doubtless in search of food ; its ambulacral tentacles being 
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from place to place, but always stay in one spot, where they are generally found 
living in a hole. Sometimes the hole may have been there before the sea-urchins ; 
sometimes may have been formed by the growth of calcareous algae around the 
sea-urchin ; but sometimes the urchin itself has bored the hole. This is accom- 
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plished not by any acid secretion, — for on the west coast of Africa an Echinonietra 
has been found boring into an augite lava, — but by the continuous movement of the 
teeth and spines. The common Strmigylocentrotua is a well-known example of a 
boring sea-urchin. When the waves wash up against the urchin it sets its spines 
rigidly against the sides of its hole and so holds fast. 

Although most of the sea-urchins have a rigid test, yet there are some in 
which the plates are only loosely joined together, so that the test is flexible. 



LEATHER-URCHIN (f Rat. size). 


This is the case in an Astropyga \ but is still more pronounced in the leather- 
urchin {A8theno8(ynia), and other members of the family Echinothnridee. Re- 
spiration is effected in the regular sea-urchins by ten gills near the mouth. 
These are thin - walled ciliated extensions of the body - cavity protruding 
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between the membrane round the mouth and the plates of the tesi In the 
irregular urchins some tube-feet are modified for respiration, becoming broad, 
flat, and somewhat lobed ; the hinder end of the intestine seems to be respiratory- 
in function. Some sea-urchins possess eyea In a Diadema there are five 
ovate pigment-masses of a brilliant ultramarine blue, placed at equal distances 
around the vent. There are certain other peculiar bodies supposed to be sense- 
organs of some kind, called sphaeridia, which are of microscopic size, and in 
structure not unlike tiny spinea They lie near the mouth and on the lower 
ambulacral plates, are often set in small holes, and are provided with special nervea 
Perhaps they test the water in which the sea-urchin lives, and thus may be said 
to serve the sense of smell. Sea-urchins are both animal and vegetable feeders, 
and are even cannibals when opportunity offera 


The Sea-Cucumbers, — Class Holothuroidea. 






Sea-cucumbers are, as we have seen, elongated and worm-like creatures, with 
a mouth at one end and a vent at the other. The skin is leatliery, and 
contains a comparatively small amount of calcareous matter. Usually this 
occurs in small spicules, which assume very definite shapes, such as the anchors of 
Synapta^ or the wheels of Ghiridota ; but in such forms as Psolus the spicules 

increase in size, so as to form a plated integument. 
There may also often be a ring of calcareous plates 
round the gullet, five of which plates have the same 
relation to the radial water-vessels as the auricles around 
the jaws of a sea-urchin, and they likewise serve for the 
attachment of musclea In such a common form as 
Cvxiximaria plaifici there are five rows of tube-feet pass- 
ing from mouth to vent. The five-rayed symmetry is 
not obscured, and is traceable in the arrangement of 
nerves and muscles, although it does not affect any 
portion of the digestive or generative systems. Around 
the mouth, in CtLCUTnaria, is a fringe of branched 
tentacles, connected with the water- vascular ring. In 
most other echinodenns, it will be remembered, a canal passes from this ring and 
opens to the exterior by a inadreporite ; and in a few holothurians of primitive 
structure this is similarly the case. But in Cucumaria, as in most, the connection 
with the exterior is lost, and the canal, with its madreporite, hangs down into the 
body-cavity. In CucuTnaria the tentacles are used like a net to intercept floating 
organisms in the surrounding water. Many holothurians swallow a great deal of 
sand, and the intestines of those that live near coral-reefs generally contain 
fragments of coral. They usually attach themselves by their tube-feet to rocks 
or seaweed, and wave the tentacles around. Holothuria atra, which lives on the 
great Australian barrier-reef, inserts its hinder extremity within a crevice of the 
rock, into which on being disturbed it speedily retreats. 

Some curious modifications of form have taken place among the holothurians. 
In the plated sea-cucumbers (Psolus), of which a specimen is illustrated on p. 314. 


U-SHAPED SEA-CUCUMBEn 
(I nat. size). 
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the animal has become flattened, and the tube-feet restricted to three out of the 
five ambulacra, and by these three the animal creeps about, or holds itself fixed to 
the rock. A similar modification is carried to excess in the deep-sea holothurians 
known as Elasipoda. Here, as in the illustrated Scotoplana, there are a couple of 
rows of thick tube-feet, forming little stumps, with which the animal moves, as a 
centipede moves by its legs. In front there is a sort of funnel or scoop formed by 
the short tentacles, while a few of the tube-feet form long horns or feelers on the 
upper side. In the deep-sea Paychropotea, on the other hand, mouth, vent, and 
tube-feet are confined to a flat sole; while the posterior part of the body is 






A UKEP-SEA HULOTHUHIAN, JScoloplana (nat size). 


extended in a long tail. Some holothurians live in mud; and by reason of 
constantly keeping both mouth and vent above the surface their bodies have 
become curved in TJ-fashion, as seen in the U-shaped Ypsilothuria (illustrated on 
p. 312). This is carried still further in the club-like Rhojyalodina (illustrated 
on p. 314), a form shaped like a cherry, with a thick stalk ; the openings of both 
mouth and vent being at the top of this stalk. A yet stranger m^ification is the 
holothurian described under the name Pelagoth o via, which lives in the East 
Pacific, on the surface of the ocean. It has no calcareous spicules, the longitudinal 
muscles being mostly changed into a jelly tissue. Around the mouth the body is 
extended into a kind of disc, prolonged into thirteen to sixteen feelers. The 
animal swims by the movements of this disc. 

Holothurians have no means of oflence, but protect themselves for the most 
part by assuming the colour of their surroundings. The huge Synapta hesaeli, 
which reaches a length of 6 feet, has a habit, when taken in the hand, of squeezing 
the fluid contents of its body towards the portion that is grasped, till it becomes 
too big to hold. Some, when much irritated, seem to fade away and dissolve by 
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breaking up their tissues ; while others have an objectionable habit of shooting out 
a part of their intestines in long viscous strings ; and it is owing to this that a 
common British form has gained 
the name cotton-spinner. It has 
been suggested that this habit has 
been acquired in connection with, 
the presence in the intestine of 
small parasites, and these in their 
turn have their habits affected ; 

according as they live in holo- . ^ ' 

thurians that are or are not 
cotton - spinners. Among the 
parasites of holothurians should 
specially be mentioned a little 
hsh of the genua Fierasfer, that 
inhabits the intestine of some 
species, and has its food provided 
for it by the holothurian ; this fish 
is described on p. 438 of Vol V. 

Holothurians are of interest, as furnishing a food known 
as trepang, which ranks with edible birds’ nests among the 
delicacies of a Chinese table. The 
fishing for trepang, or heche-de-'ineVy 
as the holothurians are called by 
the Portuguese, takes place very 
largely in Oriental countries, and is 
being extended to the Barrier Reef 
of Australia. All kinds are not 
equally esteemed, for some have too 
much calcareous deposit in their 
skin, and others get rid of their 
insides, and so become too lean. 



CLUB-IJKE BEA-CUCUMBBR {Rlw^(h 
dina) (nat size). 


A DEEP-SEA HOLOTHURIAN. 
J*sychi'o}fote8 (J nat. size). 


Development of Echinoderms 


Few things about echinoderms are more remarkable 
than their modes of reproduction, which include lx)th a 
sexual method, from the fertilised egg, and also one by 
budding or splitting of a single individual into two. 
Many echinoderms, as we have already seen, have the 
curious power of breaking off portions of themselves ; as 
the brittle-star or crinoid can break off their arms. Also 
they are able to eject the whole or a part of their viscera, 
a faculty which has been specially developed in some of 
the holothurians. It is still more remarkable that the 
portions so broken off can be grown again, and that they 



A PLATED HOLOTHURIAN {Paolua), 

Some plates of the back, above 
the brood-pouch, are removed 
(enlai^ed 3 times). 
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themsfelves can, in many cases, p^row fresh bixlies, and become complete individuals. 
A star-fish of the genus Linckui commonly avails itself of this faculty ; and it is 
by no means rare to find big arms with a small body at one end, and four little 
arms growing out of it ; these are known as comet-forma This power of repro- 
duction is pi’obably due to the extension of all the systems of the body into the 
arms : the arms of brittle-stars, which do not contain all the systems of the body, 
have not been known to reproduce individuala In some cases echinoderius have 
been seen definitely to reproduce themselves by fission or splitting in half. Such 
division is well known to take place among the sca-cucumbcrs ; and it i.^ believed 
by some to take place even in brittle- 

stars ; the specimens of the six- % 

armed green snake-star ( 02 )hiaciis\ 5 

shown in the annexed illustration, g 

being thought to represent the S 

result of such a proceas. The ^ llf 

specimen A consists of tw'o almost IL 

similar halves ; but the three arms fi 

towards the bottom of the illustra- ^ ^ » 

tion, marked a\ are smaller than the 
others marked a, and indicate that 
this half is the later grown. The 

specimen JS, which is seen from the A 

back, has only just separated itself 

from its other half. The separation 

appears to take place by a forcible 

though spontaneous rent, and the 

edges of the wound subsequently 

grow together, and not merely heal 

up but reproduce the lost parts of jjKr§IP ” 

the animal. As a nile, however, 

echinoderms r( ‘producer by the 

ordinary sexual nu-thods; although ^ 

this, too, presents peculiarities. Just 

as a butterfly does not develop c;„kkn «»ake-star M«ged 5 time.), 

directly from the egg, but passes 

through the intermediate larval stage of the catcu-pillar, out of whose chrj-salis the 
butterfly springs, so the sea-urchin or the star-fish egg gives rise to a larval form, 
in whose body, as it were, the mature fonn is developetl. The particular shape of 
the larva varies in the difterent classes of echinodenns ; but the differences are not 
essential, and it is clear that all the larval forms are mo<lification8 from one primitive 
type. The changes passed through in the development of the common sea-urchin 
(Strongylocentrotiis drwhaehien^w) are depicted in the illustration on p. 318, in 
which the drawings are very greatly magnified. 

The fertilised egg divides and subdivides until a round ball of cells is formed. 
This is then pushed in at one end, as one might push in a soft indiarubber ball, 
so that there is formed a little sac with a double wall to it (stages 1, 2). Stage 3 


cKKEN SNAKE-BTAR (enlai^ed 5 times). 



ECHINODERMS. 


316 

shows this in outline as though transparent ; and one sees the opening a turned 
downwards, and the canal which foreshadows the intestine. At the upper pole 
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OEYELOPMEI^T OF A SEA-UBCUIN ^Stages 1-8). 
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DEVELOPMENT OF A SEA-URCHIN (stage 9). 


of the embryo, near the number 3, is a small 
tuft of cilia, by the motion of which the embryo 
swims about. In stage 4 this ciliated area is 
seen to have extended downwards to the letter v. 
The intestine now develops in sucli a way that 
the original opening (a) remains as the vent, the 
middle pai*t {d) widens into a stomach, and a 
fresh mouth-opening (m) is pierced through at 
its upper end. This is seen from the side in 
stage 4, and from the front in stage 5. But 
before the mouth is formed, two ear-like pro- 
cesses (w) show themselves, which are important 
as being the beginnings of the ambulacral and 
water- vascular systems. There also appear a 
few delicate, symmetrically laced rods of car- 
bonate of lime, which by and by grow into the 
skeleton of the larva, in shape something like 
an inverted easel. The two lower ciliated 
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bands now grow towards one another, so that the vent comes to lie beneath 
them (stages 7 and 8). They also join themselves to the two upper bands, so 
that there is formed a single zone of cilia, which persists to the end of the 
larva’s life. Already can bo distinguished the beginnings of the apex and of the 
processes (c), which finally lengthen into the arms that give such a strange 
appearance to the larva, in the sea-urchins and also in the star-fish and brittle- 
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DEVELOPME>’T OF A SBA-UBCHIN (stage 10). 

stars. In stage 8 can be seen, at 6, the pore that admits water to the water- 
vascular system; and at this point will lie the madreponte of the future sea- 
tirchins. The next illustration shows all these parts in a rather more advanced 
stage : a is the vent; c, the hinder intestine ; d, the stomach, around which a deposit 
of spicules indicates the first beginnings of the body of the sea-urchin; o, the gullet; 
m, the mouth ; c, the arms of tlie larva ; r, the calcareous rods that support them ; v, 
two more strongly-developed and slightly projecting portions of the ciliated band ; 
and Wy the water-vessels. The larva in its full development is shown in the 
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illustration on p. 317, in which the letters have the same, meaning. This larval 
form is called a Phite/iiSy on account of its frequent changes of shape, as it swims 
about with its arms constantly moving: It will be noticed that through the whole 
of its development it retains a two-sided symmetry, sucli that if cut down the 
middle it would be divided into two precisely similar halves. This is very different 

from the five-rayed symmetry of the 
. / ^ sea-urchin, and the difficulties arise 

^ ft g both in this class and in the others 

M when we try to discover how the 

\ five-rayed form was produced from 

From this larva only the stomach 
and the water-vascular system are 
a continued into the sea-urchin, whose 

H prickly body is now” being formed 

around the stomach of the larva; 

those two systems, 
especially in the madreporito and in 
the intestine, that we note in the 
traces of the primitive 
bilateral symmetry. When the little 
the sea-urchin, wffiich at first 
vW ^/ ^ become pro- 

vided with a mouth of its owrn, and 
with a circlet of cimiparatively large 

sea-urchin. The arms sink in, and 
'1 \n B ^ outer larva remains as 

P If U M more than a skin over the 

yr^ y> i % urchin. The mode of life 

^ little sea-urchin, about one 

6.Fromaix.veM«rge.iao tin.c;). millimetre m diameter, 18 now com- 

pletely altered. It is no longer 
carried alx)ut through the water, but crawls by means of its tube-feet and its spines, 
as shown in the alx>vc illustration.. We cannot hero follow the further changes 
that it undergoes; but a study of tho.se later stages is of great importance. For 
by means of such study Agaasiz has shown that many supposed genera are nothing 
more than undeveloped forms of w”ell-known species, and he has thus been able 
to work out the relations of species and genera to one another. It is not, how^ewr, 
all echinodeims that pass through these curious lan^al stages, for in many species 
the young are developed in the shelter of the mother. We have already seen this 
to be the case with many brittle-stars, which are protected in the so-called genital 






TOUNO SEA-URCHIN {StrongylfjcmtrotHfi), a. From below ; 
b. From a1>ove (eulargetl 20 times). 
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bui*s80. In a sea-urchin {Hemiaster 2 >hilippi) there are depressions between the 
ambulacra, which are called brood-pouches ; for in these the young develop from 
the egg, covered over by the spines of the parent, as in the annexed illustration. 


In some holothurians the young are 
attached to the body of the parent, as in 
Cladodactyla crocea ; but in othei*s, as in 
Psohis ephippi,fer (ahowii on p. 314), they 
live on the back of the mother under 
some large mushroom-like plates. Some 
star-tish, too, such as Pardrchader, have 
a kind of tent of plates in the middle 
of the disc, where the young grow up as 
in a nursery. 

The direct development from the 
egg to the adult in these ])rotected forms, 
seems to show that the elaborate shapes 
of the various larvae have been developed 
secondarily for the special purpose of 
transporting the young and aiding in the 
dispersal of the species, and, therefore, 
that they are not relics of any ancestral 
forms. There can, however, be little 
doubt that the cchinoderms were origin- 
ally derived from some form or forms 
with a two-sided synimctry; and it is 



certainly curious what a close resemblance brood-pouch op a sea-urchix (enlarged 5 times), 
tlieir assumed primitive larval form 


presents to the larva of Balanoglosms, the worm-like animal described on p. 573 
of the last volume, and considered by many authorities to be in the ancestral line 


of the Vertebrata. 


F. A. BATHER 



CHAPTER IX. 

The Molluscs or Shell-Fish, — S ubkingdom MOLLI7SCA. 

Science is never stationary, and consequently the scope of many groups of the 
animal kingdom has considerably altered since they were defined by their original 
founders. Such has been the case with the Mollusca of Cuvier. Besides the 
animals which constitute this subkingdom, as now understood, he included in it 
the Tunicata, Brachiopoda, and Cirripedia — branches of the zoological system, 
which more recent anatomists have long since removed elsewhera At the present 
time the Mollusca comprise only such forms as the octopus, cuttle-fish, etc., all the 
marine shell-bearing animals of the whelk tribe, and other kinds, land and fresh- 
water snails, slugs, the tooth-shells, and bivalves of every description. The number 
of known species is very large, and fresh forms are constantly being discovered. 
Probably some fifty thousand recent species have already been described, the 
number of aquatic being more than double that of the terrestrial species. The 
aquatic kinds, however, will eventually be found to preponderate still more, for the 
sea appears to be inexhaustible in the production of new forma It matters not 
in what ocean the dredge is let down, be it to a great depth, or in shallower 
water, something new is certain, sooner or later, to be gathered in. Drop the 
dredge to three thousand fathoms (more than three miles), and still molluscs are 
met with, and the extreme depth to which molluscan life extends has yet to be 
ascertained. The great coast lines of South America, Africa, Asia, and parts of 
Australia have been but imperfectly explored for the smaller kinds of Mollusca ; for 
whenever a limited stretch of coast is carefully searched by the conchologist, con- 
siderable numbers of new species are forthwith discovered. On the contrary, 
with the terrestrial forms the case is different. They are more easily acquired, as 
they come under actual vision, and all the inhabitants of a given district can in 
course of time be known. 

Molluscs are soft, cold-blooded animals, without any internal 
DiAiitfeioiL • • 1 

skeleton ; but this is compensated for in the majority of cases by an 

external hardened shell, which serves at once the purpose of bones and as a means 

of defence. Their bodies are not divided into segments like those of insects and 

worms, but are enveloped in a muscular covering or skin, termed the mantle, the 

special function of which, in the majority of species, is the formation or secretion 

of the shell Molluscs are more or less bilaterally symmetrical ; but this bilateral 

sjonmetry in some cases, particularly among the Gastropods, is to some extent 

obscured by the contortion of the body. The foot, which serves the purpose of 

locomotion, or is used in burrowing in sand, wood, and rock, etc., is an organ 

highly characteristic of most Molluscs. The shells, in the vast majority, consist 
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either of a single piece, as in the snail, whelk, etc., or of two portions (valves) as 
in the oyster, cockle, and most other bivalves. In one group, however (ChitonidcB), 
the shell takes the form of a series of eight adjacent plates, and in one group of 
bivalves (Pholadidcb) there are one or more accessory pieces in addition to the 
two principal valves. In the bivalves, with one or two exceptions, the shell is 
always external. Not so with the univalves, in some of which it is quite con- 
cealed beneath the skin, in others it is partially so. Sliells are mainly composed 
of carbonate of lime, with a small admixture of animal matter. Their microscopic 
examination has revealed a great diversity of structura Some are termed porcel- 
laneous, others homy, glassy, nacreous, and fibrous. The she ^ I is essential to the life 
of the inhabitant, it forms part of its organisation, and it it be removed, death 
ensues sooner or later. Although Molluscs have the power of repairing injuries 
to their shells, no case is known of a species removed from its shell having secreted 
a fresh one. Many shells exliibit an outer coat of animal matter termed the 
j)erio8tracum. It is generally of an olivaceous tint, but varies considerably in 
thickness and appearance. It is quite smooth, or of a velvety or silky aspect, or it 
may be produced into hair-like extensions. Its special function is the preser\"a- 
tion of the shell from atmosplieric and chemical action. Were it not for the 
periostracum, the shells of fresh- water molliiscs would in time be dissolved by the 
carbonic acid gas with which water is more or less saturated Owdng to the thin- 
ness of the periostracum, or to its having been worn away, the apical portion of 
many fresh- water spiral shells and the tips or beaks (umbones) of the bivalves are 
frequently more or less eroded through this chemical action. 

Growth shells of gastropods are enlarged with the growth of the 

inhabitant by the addition of fresh layers to the margin of the 
aperture, so that a shell which at its birth had only two volutions or whorls, may 
eventually consist of about a dozen. Th(‘ growth of bivalves is more readily 
understood, being efiected by additional conciuitric deposits along the outer margin 
of tlio valves. The adult condition of many sliells cannot be detected by a super- 
ficial inspection. This is particularly the cixsv. wdtli the bivalvea On the contrary, 
a little experience soon teaches us to recognise in the majority of cases if a 
gastropod shell is immature; but even among this class there are many exceptions 
where the most practised eye would fail to d(‘termine the period of growth. 

Many shells exhibit conspicuous promineiict^s on the surface in the form of 
spines and ridges, and it is a gre^at puzzle to tlie uninitiated how this ornamenta- 
tion is produced. It is, how^ever, a very simph* matter. Wherever a spine occurs 
on a shell w’c may be certain that it resulted from a corresponding filament or 
process upon the edge of the mantle, and these pn>cesses may lie brought into use 
only periodically. A striking example of this periodic formation of spines occurs 
among the typical MiiricUhv. On the contrary, spines or extensions may occur only 
upon the lip or edge of the aperture wdien the shell has arrived at maturity, and 
consequently we may assume that the necessary prolongations upon the edge of 
the mantle for the secretion of such spines are only developed at this period of 
the mollusc s life. 

The diversity in shells with respect to form, size, and solidity is simply 
enormous. What resemblance, for example, is there between a Chiton and a 
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Dentalium, or a Carimaria and a Turritella, and among the bivalves between a 
Fholcut and the hammer-oyster {Malleus), The difference in size is still more 
remarkable, some microscopic forms weighing not more than the fiftieth part of 
a grain, whereas the gigantic Tridac7ia occasionally turns the scale at over 
500 ll)s. 

As every mollusc has a history of its own, — a certain course to pursue in the 
living world, — its means of existence and propagation will be found suflScient, 
although to the human eye the chances against it may superficially seem over- 
whelming. The glhssy Carmaria, regarded as a dweller on the surface of the 
ocean, w'ould seem ill-adapted to withstand the buffeting of storms at sea ; and so 
it is, but there is very little doubt instinct has taught the mollusc the proper 
moment, and the sufficient depth to descend from the surface, to be safe from the 
tempest’s violence. The dweller on the seashore, open to the onslaught of the same 
unpitying foe, defends himself with a stronger abode, r What dash of the waves upon 
the undefended rock could in the slightest affect the conical shell of the limpet ? 
In very deep water the tendency to tenuity in the molluscan shell is plainly 
apparent, yet there are species dwelling at depths beyond the influence of surface 
storms, the shells of which present considerable strength and solidity. W^c may 
ask how and why is this ? Although we may not in all cases be able to answer these 
queries from actual knowledge, certain is it, that reasons, probably very near the 
truth, are easy of suggestion. For example, the large Cyprina ialandica and the 
heart-cockle {Isocardia cor) of the British seas possess shells of considerable 
strength and solidity. These, being molluscs of largo size, would prove dainty 
morsels to the hungry haddock or other fish, if they were unprotected by a power- 
ful shell and their extermination thus prevented. 

^ The varied colours of shells are due to glands situated on the 

margin of the mantle. In most cases the colour markings are placed 
on the outer surface of the shell, beneath the periostracum, but occasionally the 
inner layer of porcellaneous shells is of a different colour to the outer. This is well 
instanced in the helmet-shells (Cassis), which are employed by the carvers of shell- 
cameos to produce white or rose-tinted sculptures upon a dark ground. The colour 
in some shells is liable to extreme variation. Take, for example, the common 
hedge-row snails, Helix nemoralis and H, hortensis. Here we find the ground- 
colour yellow, brown, pink, white, lilac, and various intennediate shades, and the 
bands which are usually brown, and normally five in number, may be altogether 
absent or vary from one to six, their position also being equally variable. This 
diversity in colour-markings results from the different position of the pigment- 
glands upon the mantle margin, but the cause of this variation in the position has 
not been ascertained, although it may be presumed ; nor is the reason known of 
the difference of the ground-colour, which may occur among specimens of the same 
colony. White, black, red, green, yellow, olive, purple, slate-blue, and brown form 
the common ground-tints of shells, but pure blue is a colour hardly ever met with 
in the shells of molluscs. One or two species of land-shells (Corasia) from the 
Philippine Islands more nearly approach this tint than any other molluscs, but 
even in these there is a slight admixture of green. On the contrary, blue is a 
colour more commonly seen in the soft parts. The colour of the shell does 
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not necessarily correspond with that of the mollusc. The latter may be of 
an intense black, the shell being quite white; the “animal” may be a most 
brilliant creature with a variety of many colours, and its test merely of some 
uniform sombre hue. Very gorgeously painted shells are, however, generally 
indicative of highly coloured inhabitants. 

That light and warmth are great factors in the production of brilliant colour- 
ing is beyond question. This is conclusively proved by the results of deep-sea 
dredging. Whenever great depths arc reached, where darkness reigns, and the 
water is intensely cold, the molhiscan inhabitants are witlout colour, or of very 
sober tints, although the puriostracum, generally greenish or olivaceous, is scarcely 
modified under these circumstances. 

Our information with regard to the duration of life in molluscs is 
very limited. Although certain species of land-shells have been kept 
alive in confinement for four or five years, or even longer, we cannot assert that 
they exist for so long a period under natural conditions. The length of life of 
individuals, as well as of different species, is probably very variable, some doubtless 
attaining to a good old age. Such a species as the giant clam (Tridacna), for 
example, it is rational to conclude must have a very lengthy term of existence, for, 
although the growth may be raj)id, the formation of a shell weighing 300 or 
400 lbs. must sui't'ly be the work of years ; and, moreover, when the process of 
growth is ended, we know not for what period t!io shtdl may continue to live. It 
is likely that most land-molluscs are full grown in a year or two, but the temi 
of their existence, after this, is probably very variable, according to the speciea A 
specimen of the common periwinkle has been kept in an aquarium for nine years, 
but this scarcely indicates the limit of life of this species under natural conditions. 
Its average duration may be longer, but probably shorter. In connection with 
the length of life of molluscs, mention should be made of the long periods some of 
the species are capable of existing without food in a state of torpidity. 

In cold climates land-snails bury themselves in winter-time in the ground or 
beneath dead vegetation, and in hot climates they assume a torpid condition in the 
hottest and driest season of the year, closing uj) the aperture of the shells with a 
temporary lid or door (called an epiphruijm ). Some of these summer-sleepers 
display great tenacity of life, many cases being on record of species which have 
lived for two, three, or even five years in a torpid state, without food of any 
description. Perhaps one of the most interesting instances, is that which has so 
often been quoted, of the specimen of the Egyptian d(*sert-snail {Helix desertorum), 
which was fixed to a tablet in the British Museum for four yeara, and was dis- 
covered to be still living. Some fresh-water forms also are capable of living out of 
their native element for a considerable time. A species of Australian UnionidcB 
has been known to exist out of water for over a year, and some kinds of Ampul- 
laria have lived for months after being taken out of their native rivers. 

Reproductive The sexes are distinct in some molluscs, and united in the same 
System. individual in others, but reproduction is in all cases effected by means 
of eggs. These are usually secreted or attached in some suitable position, but in 
some instances the ova are hatched within the oviduct of the parent, as in the 
fresh- water pond-snail {Vivipara); and probably in most bivalves the eggs are 
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retained within the parent shell until hatched. The ova of some of the gastropods, 
enclosed in capsules, are deposited in masses, and some of these form very remark- 
able and complicated structures. The number of eggs contained in some of these 
clusters is enormoua As many as forty thousand have been estimated in a mass, 
deposited by a single squid. The common whelk occasionally also piles up an 
enormous heap of capsules, as many as five or six hundred being massed together, 
each capsule containing several hundred eggs. Land-snails, in comparison with 
marine fonns, produce comparatively few eggs. Some of those deposited by the 
large South American species are in a few cases half an inch to an inch in length, 
and have a strong calcareous shell. On the contrary, the productive power of 
some bivalves is enormous, the ova being counted not by hundreds but by hundreds 
of thousands, and even millions. The ova of molluscs may be gradually developed 
into the fonn of the adult, or there may be a free-swimming ciliated larval stage, 
or a special larval form as in the fresh-water mussel. 

Molluscs are both vegetable and animal feeders, but probably by 
far the greater number of gastropods are carnivorous. Bivalves 
imbibe a mixed diet of infusoria and microscopic vegetables. The carnivorous 
species of gastropods principally attack other kinds of shell-fish, bivalves being 
especially appreciated. Some however, like the common whelk, will feed on dead 
fish and carrion of any description. Many of them are mere cannibals, and attack 
their own kith and kin. Out on the high seas the glassy Carinaria enjoys the 
succulent jelly-fish, and the squids and cuttles are a terror to many pelagic fishes. 
The octopus, like the gastropods, is partial to a bivalve meal, and a repast on 
shrimps and other crustaceans is a daily occurrence. Most land-shells are 
herbivorous, but a few are carnivorous, preying chiefly upon their plant-eating 
relations, and one curious slug lives exclusively on living earth-worms. 

Mo.st molluscs which are provided wdth a more or less distinct 
head, namely, the cephalopoda and gastropods, are furnished with 
visual organs, but the majority of bivalves (Pelecypoda) are sightless. Although 
an auditory apparatus exists, they appear almost insensible to sound. It is certain 
that most forms are endow’ed with the sense of smell, although the anatomist has 
frequently a difliculty in discovering the position of the olfactory organ. Land- 
molluscs appear to recognise their proper vegetable food by the smell as well 
as the taste, and the carrion-feeding whelks are probably attracted by odour. The 
senses of smell and taste are probably but imperfectly developed in the bivalves, 
which scarcely possess the power of .selection as regards their food. 

Molluscs exhibit various ways of progression. Some arc free- 
swimmers, like the cuttle-fishes and squids, pteropods, heteropods, and 
a few bivalves ; others are mere crawlers, like snails and whelks ; and some creep 
along, but beneath the surface of the water. The Melam.j)us moves onwards after 
the fashion of a loop(ir-caterpillar, and the bivalves either crawl upon their foot, or 
progress by a jerking or leaping movement. Many species, like the limpet, 
Sftxicava, and Pholaft, are very sedentary in their habits, and others, which in their 
early career are active, in after life are stationary in their permanent abodes. , 

Umi In Nature Molluscs form a large item in the food of many mammals, birds, 
and to Man. reptiles, and fishes. Terrestrial forms are devoured by rats, ducks. 
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thrushes, and other birds ; by lizards, toads, snakes, and even by certain kinds of 
carnivorous insects. The fresh-water forms are consumed in vast quantities by 
water-birds of every description, by fishes, frogs, water-voles, and other mammals, 
and aquatic creatures of various kinds ; and every seashore is constantly ransacked 
by flocks of sea-fowl for the repasts of shell-fish it afTorda Out in the depths 
of the ocean many kinds of fishes, especially cod, haddock, gurnard, soles, and 
mullet, are great devourers of molluscs, which ever fall a prey, not only to one 
another, but also to crabs, holothurians, sea-anemones, and star-fishes ; and, finally, 
among the pelagic pteropods the Greenland whale seeks his daily sustenance. 

Molluscs of all kinds, but especially the marine species, are much eaten by the 
natives of most countries; and even in Europe, althoujdi the oyster is the most 
highly appreciated, several other species are used as food. Molluscs arc not only 
of importance to man as an article of diet, but they are serviceable in other ways. 
Their shells are employed as personal ornaments, and are used in the manufacture 
of fishing-tackle by some uncivilised people. In England and other countries 
many of the pearly species arc manufactured into ornaments and various useful 
articles, and the beautiful pearls themselves, secreted within the tissues of the 
pearl-oyster, arc esteemed as jewels. 

NoxioasMonuscB utility of the molluscs to man probably far outweighs the 

‘ injury which is occasioned by a few kinds. In the foremost rank of 
the noxious species stands the Teredo, the great destroyer of submerged timber. 
The damage done to piers, boat-bottoms, and in fact to wood of any description 
which is located in the sea, is enormous, and there seems to be no effectual means 
of meeting the attack of these molluscs, except by covering the timber with mctal- 
shccting. The stone -work of breakwaters occasionally becomes more or less 
damaged by the burrowing habits of the PhoUxs and Saxicava, On land, snails 
and slugs commit onslaughts upon our crops and gardens, but these pests are more 
easily overcome than tludr marine relatives. 

Distribution. Although this is a subject very fascinating to some, it is one 
which pre-eminently opens the gates of speculation. That species 
have certain geographical and bathymetrical limits ‘n their distribution, may be 
an admissible fact in very many cases, but when the reason for this limitation is 
sought we are reminded how little we know of natural causes. That certain tracts 
of coast have their own peculiar inhabitants, and that the molluscs of the eastern 
shores of America, for example, differ from thow^ of the west we must admit ; but 
how this has come about, is matter of conjecture. We say that difterences of 
environment, of food and temperature, are sufficient reasons to account for such 
thinga On the contrary, we are met with the fact that certain species in a given 
genus have a much wider range than others, and we are fain to ask how this is 
brought about. The range of terrestrial molluscs is much more restricted than 
that of most marine forms. This is readily understood, as the means of dispersal 
are very different. The early stages of marine molluscs, if not free-swimming 
creatures, are liable to be carried great distances by ocean currents, or the action of 
the tides and wind. On the contrary, land-molluscs are creatures of slow progres- 
sion, and are liable to have their distribution hindered, either by rivers, mountains, 
or seaa Consequently we find that island faunas, as regards the terrestrial species, 
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are mostly peculiar. It should he noticed that there are great differences in the 
molluscan land-fauna of different areas ; that of North America being, for instance 
quite distinct from that of Central and South America. 

It is a well-known fact that certain marine gastropods and bivalves inhabit 
particular parts of the sea-bottom. Some groups which occur between tide-marks, 
such as periwinkles and limpets, are termed littoral fonns ; othei’s occurring below 
low-water mark, to about ten or twelve fathoms, are said to inhabit the laminarian 
zone, or the region where seaweed abounds. Below this, to about fifty fathoms, 
extends the coralline zone, so called from the abundance of corallines at this depth, 
which also furnishes a lurking-place for certain special forms. Beyond this is the 
deep-sea or abyssal region, of which certain species and genera are more or less 
characteristic. 

Other races, such as the squids among the cephalopods, the various forms of 
pteropods and heteropods, and a few other gastropods, pass their lives far out at 
sea upon the surface of the ocean, and are termed pelagic species. 
naHififl f Tfltiftii, Mollusca constitute one of the principal divisions (a sub- 

kingdom) of the animal kingdom, and it is subdivided into five 
principal sections or classes, namely, Cephalopoda, Gastropoda, Amphincura, 
Scaphopoda, and Pelecypoda. These divisions are founded on peculiarities in the 
general conformation of the animals, but it is also worthy of notice that the shells 
of the difierent classes difier widely in type. An important feature characteristic 
of the three first of these classes is a structure termed the radula. It is situated 
within the mouth, and is a kind of muscular tongue armed with teeth, and used in 
obtaining or comminuting food. The armature of this radula, odontophore, or 
lingual ribbon, is subject to great variation, and these difterences have afforded 
characters for distinguishing various groups among the gastropods. There arc a 
few genera of Gastropoda which are peculiar on account of the want of this 
masticatory organ, and it is also unknown among the headless bivalves. 

The Squids, Cuttle-Fishes, and Nautili, — Class Cephalopoda. 

The cephalopods are considered the most highly organised of all molluscs, and 
some of the species are remarkable for the enormous size they sometimes attain. 
They are exclusively marine animals, leading a predatory life out on the high 
seas, or among rocks in shallow water, or about low-water mark. The sexes are 
distinct. They may be recognised by the symmetry of their general conformation, 
the fleshy arms or tentacles situated around their mouths and in front of the 
head, and by their retrograde mode of progression, which is effected by the 
expulsion of water from a particular organ, termed the siphuncle or funnel. With 
one exception — the nautilus — none of the living cephalopods possess an external 
shell, and they are consequently termed naked molluscs. Nearly all decapods, 
that is, those species which are provided with ten so-called arms — have a straight 
calcareous or homy int(imal shell, which is a strengthening support to the back. 
Spirvla, however, although a decapod, is an exception, and possesses a segmented 
shell, coiled up like a ram’s horn, and concealed within the hinder part of the 
animal’s body. The external shell wherein the female argonaut dwells is not the 
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equivalent of the shell of the nautilus, or of the gastropods. It is not attached 
to the animal by any special muscle, but held to the body by two of the arms, 
especially developed for this purpose. It is, in fact, merely a receptacle for the 
ova, but at the same time affords protection to the argonaut herself. All tht.‘ rest 
of the octopods are without shells of any description. 

The body of a ccphalopod consists of a muscular sac, in the cavity of which 

the viscera are placed. In front of the body projects the head, which, in one of 

the two main sections into whicli the class has been divided — namely, the 

Dibranchiata, or those provided with only one pair of gills — is crowned with eight 

or ten fleshy muscular arms, in the midst of which the mo\ith is situated. This is 

armed with two strong jaws, in shape very similar 

to the beak of a parrot. They are curved, 

pointed, and of a homy substance in the two- 

gilled cephalopods, and somewhat calcareous in 

the four-gilled group. Within the mouth is the 

raspiiiff toriffue, covered with the sharp siliceous 
, \ -T, , , , 1 1 UPPER (a) AND Lo^rn ( 6 ) portions op the 

hook-like cusps or teeth, arranged in regular beak op a cuttle-fish [Sepia). 

transverse series, one behind the other. The 

eyes, two in number, are placed on each side of the head, and are of enormous size 
in some of the decapods. On the ventral side the muscular sac is disconnected with 
the head, leaving a more or less wide opening admitting the water to the gills. The 
water is then expelled through the so-called funnel with more or less force, according 
to the requirements of the animal. If it bo at rest, the expulsion of water is carried 
on very quietly, but, on the contrar}”, with much greater force if the animal is in 
motion. Besides water, other secretions from the body are extruded through the 
funnel, and especially a dark fluid secreted in a special ink-pouch. When disturbed 
or irritated, this ink is discharged by all cephalopods, excepting the nautilus, and is 
supposed to be a means of defence. Mixing with and clouding the surrounding 
water, wo can well suppose that the attack of a- pursuing fish might be checked, and 
the squid or cuttle effect its escape in the darkened fluid. The arms, or feet, of the 
octopods and decapods are more or less elongate and capable of movement in any 
direction, and are furnished on one side with numerous suckers, by means of which 
the animal holds on to anything that it may seize with such tenacity that the suckers 
themselves are liable to be torn away rather than loose their hold. They are often 
furnished at the edge with a toothed horny or calcareous ring, and connected with 
the arms by slender stalks. Cephalopods employ their arms in walking and 
climbing, and, owing to their position, have to progress head downwards when 
creeping on the sea-bottom. They are connected at the base by a skin, in some 
species extending some distance up the arms, and forming a sort of umbrella, which 
is doubtless of use in the capture of their prey. In the nautilus the arms are 
different, being short, pointed tentacles, unprovided with suckers. 

The nervous system is more developed than that of other molluscs ; it is con- 
centrated around the gullet, and protected by a cartilaginous plate, a sort of rudi- 
mentary skull The skin of the naked cephalopods is more or less thickly studded 
with points or dots of various colours. These pigment-cells are subject to alter their 
tint at the will of the animal, which, chameleon-like, assumes very different aspects. 
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Some species also, which, when in repose or undisturbed, have the outer skin 
smooth, if irritated, become suddenly covered with conical tubercles or more or less 
elongate cirri. 

Cephalopods are very voracious, feeding on fishes, molluscs, and crustaceana 
Some species pursue and capture their prey, while others lie in wait and pounce 
upon it suddenly. Like every other group of animals, they have their enemies, 
being devoured in enormous quantities by cetaceans, fislies, and sea-birda In 
some countries various species are esteemed as an article of food. Although about 
four hundred and thirty species of living cephalopods have been described, some of 
these are so inadequately defined, that the total, in round numbers, does not prob- 
ably exceed about three hundred and eighty. These have been ari’anged in some 
seventy-five genera and fourteen familiea About half the genera contain but a 
single species each, while nearly half the known forms belong to the three genera 
Octopiia, Sepia, and Loligo. The cephalopods of bygone ages far suiq)a8s in number 
those which survive, and it is probable that wo only know but a moilerate 
proportion of the forms that have passed away in the various geological epochs ; 
for what idea have we of the shell-less tribes which may have inhabited ancient 
seas, whose soft bodies have decomposed at death, leaving not a vestige behind ? 
It is only those with internal or external shells which have been preserved ; and 
what proportion of all the forms that have existed in all times do the fossilised 
remains known to us represent? The seas of our own tiiiies contain a large 
number of cephalopods, the existence of which in past geological ages cannot be 
proved ; but, on the other hand, we know of gi’eat numbers of fossil genera and 
species of which there are no living representatives. The entire order of the 
Ammonoidea, which contains the well-known discoid, convoluted, chambered 
Ammonites, is entirely extinct, and it is a matter of uncertainty whether 
they should be classed with the dibranchiate or tetrabranchiate group, or be 
regarded as a distinct order by themselves. On the contrary, although the 
probability is that many existed in bygone ages, only a few fossilised remains of 
octopods have been identified with certainty, and the Spimla of to-day, which 
occurs in countless thousands, also appears to be unknown in the past. 

TwoGilled Group, — Order Dibranchiata. 

Octopus Tribe, Suborder Octopoda, — Family OctopodidjE. 

Commencing with the order Dibranchiata, we find this divided into the two 
suborders, Octopoda and Decapoda, according to the number of arma Of these 
the octopods comprise several families distinguished by differences in the general 
build, the presence or absence of lateral fins, the number of rows of suckera on 
the arms, variations in the radula, etc. Since the establishment of public aquaria, 
in comparatively recent years, most persons have had an opportunity of seeing 
the unsightly octopus in its native element. An unpleasant, forbidding creature 
it is, contracting and swelling, or looking like a shapeless but living mass. Wo 
observe the eight tapering arms, with the two rows of suckers along the inner 
side of each, numbering about two thousand altogether in some individuals We 
note the two staring eyes which seem ever on the watch, the funnel often exposed 
to view, and the mottled skin. About ninety species of octopus are known, which 
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occur in all seaa Variations in colour, the relative length of the anus, the size 
of the suckers, and the character of the hectocotylised or modified arm of the male, 
are among the distinguishing features of the species. Although we usually speak 
of the octopods as shell-less or naked molluscs, an indication of an internal shell 
is present, in the form of two short styles, embedded in the tissues of the mantle. 
These molluscs are solitary creatures when adult, but they are said to herd together 
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in small companies when young. They live in the fissures of rocks, or hide away 
beneath great boulders. When they walk or creep, they elevate the sack-like 
body above the head, and progress slowly upon the extremities of the arms, which 
are a little curved near the tip. They can creep in any direction, but they prefer 
a side-way movement. On the contrary, if their progress in walking is com- 
paratively slow, this is compensated by the rapidity of their movements when 
swimming. Body foremost, with the arms stretched beyond the head, they dart 
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backward with great rapidity, being propelled by the successive expulsions of 
water through the funnel. The arms are also made use of in swimming, and 
those which are provided with an extensive connecting web are the most effective 
swimmers. None of the octopods ever attain such enormous dimensions as some 
of the decopods, still some would be very dangerous foes to cope with beneath the 
water. Mr. J. K. Lord saw the arm of an octopus, captured at Vancouver Island, 
which measured 5 feet in length, and was as thick as his wrist ; and M. Verany 
has given an account of a specimen which measured 3 metres from tip to tip of 
the outstretched arms. In the account of the molluscs, obtained during the voyage 
of the Samarang, Mr. Adams observes : " Octopi of enormous size are occasionally 
met with among the islands of the Meia-co-shima group. I measured one, which 
two men were bearing on their shoulders across a pole, and found each arm 
rather more than 2 feet long, giving the creature the power of exploring an area 
of about twelve feet without moving, taking the mouth for a central point, and 
the extremities of the arms to describe the circumference.” 

In 1872 a very large specimen was stranded on the beach in the Bahamas, the 
arms of which were 5 feet long, and the weight was estimated at 200 to 300 lbs. 
The eggs of the Octopus vulgaris when first laid are small, oval, translucent 
granules, resembling gi'ains of rice, not quite the eighth of an inch long. They 
are fixed along and around a common stalk, to which every egg is separately 
attached. These clusters vary in length according to the condition or age of the 
parent; those produced by a young octopus seldom exceeding three inches in 
length, and from twelve to twenty in number; but a large, full-grown female 
will deposit from forty to fifty of such clusters, each about five inches in length. 
In each of these clusters Mr, Lee counted about a thousand ova, so that a 
single octopus may produce at one laying a progeny of from forty to fifty 
thousand. The mother octopus watches, tends, and guards the egg-clusters for 
about fifty days, when the young emerge from the capsules. The sexes differ 
scarcely at all externally, but at the breeding-season a curious modification in the 
third right arm of the male is noticeable. It becomes swollen, and from it a long 
worm-like process is developed, furnished with two rows of sockets (the Hecto- 
cotylm). From the end of this process extends a slender, elongated filament. 
When its owner offers his hand to a female octopus, she not only accepts it, but 
keeps it, for this remarkable outgrowth is then detached from the arm of her 
suitor, and becomes a moving creature, having separate life, and continuing to exist 
for some time after being transferred to her keeping. The lost portion of the 
hectocotylised arm of the male is gradually reproduced, and in due time assumes 
its former appearance. 

A second group of octopods {Eledone), which occurs in the Mediterranean and 
also on the British coasts, differs from the common octopus in having but a single, 
row of suckers down each arm. In E. moschatus, the body is very changeable in 
form, pouch-like, oval, rounded, or pointed behind, smooth or warty, just as the 
animal likes. The great size of the mantle-opening, which extends a little over the 
back, is also remarkable. It is of a grey, yellow, or yellow-brown colour, with blackish 
spots, and a bluish edge to the web, and is met with on sandy and gravelly bottoms 
at all times of the year, more rarely among rocks. The rapidity with which the 
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creature changes its colour is amazing. At the slightest disturbance a dark 
shade passes with the rapidity of lightning over the whole body. When it seizes 
its prey its entire skin becomes yellowish, studded with blackish symmetrical spots, 
and covered all over with conical tubercles. These molluscs have a strong musky 
smell, but in spite of this they are not unfrequently seen in the Italian markets, 
and purchased by the poorer classes. 

Other octopods are CirrotevAhis. Pinnoctorma, Tremoctopus, 
Amphitretus, and a few other allied genera, and Argeynautay several 
of which represent families by themselvea In Cirroteuth is the armo are con- 
nected throughout their imiirc length wdth a thin inembi’anc, forming a sort of 
umbrella, at the bottom of which is the mouth. They arc furnished with only a 
single row of suckers down the middle, but have a se^ico of slioii cirri on each 
side, and the body is provided with two lateral fins. Seven species of this genus 
are known at present. C. maura was captured at a depth of thirteen hundred and 
seventy -five fathoms, and C. ])acificay off New Guinea, in two thousand four 
hundred and foi’ty fathoms. C. muellfriy the type of the genus, occura on the coast 
of Greenland. Pinnoctopua is remarkable for a fin-like expansion, extending the 
whole length of the body and uniting behind. In P. cordiformia — the only known 
species, and an inhabitant of the shores of New Zealand — the arms are long, and 
united at the base by a somewhat large membrane. Tremoctopna has no lateral 
expansions or fins to the bod}’’. The female has the two dorsal pairs of arms 
united by membrane, the two other pairs free ; the male is without the interbrachial 
web ; the head is large, having two pores on the upper and under sides. Nine 
species altogether have been described from the Mediterranean, North Atlantic, and 
Pacific. The genus Amphitretns is one of the remarkable forms obtained during the 
Challenger expedition. It possesses the character, unique among cephalopods, of 
having the mantle fused with the siphon in the median line, so that there are two 
openings into the branchial cavity, one on either side, whence the name. 

Family Aroonautidas, 

The argonaut, or paper-nautilus, is one of the most interesting of the octopods, 
for around it fur many years there hung a mystery and uncertainty. Some con- 
cluded that the shell was formed by another mollusc, and was merely taken 
possession of by the cephalopod, as a convenient abode or boat to swim in, or 
rather to sail in, for it was stated to raise aloft its two expanded arms to catch the 
breeze, and thus to voyage onvrard. This, for many years, has been proved to be 
mere fiction. The shell, with which only the female is provided, is of her own 
manufacture, and she swims just the same as other cephalopods. It is large, not 
adhering to the body of the animal, but retained in position by the application on 
the outside of the dorsal pair of arms, which are dilated and especially adapted for 
the purpose. Whether the argonaut ever quits its shell voluntarily or only 
by accident is unknown ; specimens have bc^en captured at sea without any shell, 
and they have lived for some time in that condition. A specimen was placed in an 
aquarium at a time it was out of its shell. This it re-entered, and remained in it 
the whole period, about fifteen days, it was in captivity. It invariably swam at the 
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surface of the water with the coiled part of the shell upwards, a small portion being 
above the surface, to which the aperture was at right angles or inclined at an angle 
of 45®. It appeared calm and not subject to agitation like the octopua It 

remained perfectly immovable, for no menace or 
excitement appeared to alFect this appearance 
of tranquillity. Like the octopus, it exhibited 
chameleon -like changes of the skin, but not so 
rapidly or with such intensity as that animal. 
During all the time the specimen lived, all the 
arms, which have two rows of suckers, were 
kept within the shell, except the expanded 
posterior median pair. These, however, w^ere 
also sometimes drawn within. Four of the 
arms were bent upwards, four downwarils, 
leaving the mouth with its parrot-like beak 
exposed in the middle of their bases. Between 
the lower or ventral pair of anus the funnel was 
protruded, by means of wliich it propelled 
itself backwards. This specimen was not seen 
either to walk or swim with its arms; but 
other observers state that the creature walks 
or crawls along the bottom like a gastropod, 
by means of the non-expanded arms, carrying the shell above its body. The eye 
is round, bordered with black, and the circular pupil is also black. 

The shell is supposed to be secreted chiefly by the palmate aims, aided by the 
mantle inv^esting the body. It is developed some time after the birth of the argonaut, 
and a female has nev^er been seen with a shell before it had attained al)Out an 
inch in length. The male argonaut is very different to the female, and much 
smaller, being only about an inch in length. It resembles an ordinary octopus in 
having neither palmate arms nor shell. The arms are tapering and alike, excepting 
the third on the left side, which is specialised. This at certain times, having 
passed through various stages of development, is cast off, and attaches itself to the 
female, living a free and independent life for a considerable period. The eggs are 
small, numerous, and connected together by a network of filaments. They are 
deposited far within the shell towards the convoluted portion, and are practically 
in contact with the posterior part of the body of the parent. The shell therefore 
serves, not only as a retreat for the argonaut herself, but also as a nest for the eggs, 
and possibly as a nursery for the young. Very little is known with regard to the 
food of the argonaut. As its habits arc very similar to those of the octopus, it 
seems probable that it may feed upon molluscs and crustaceans, which it might 
capture when crawling at the bottom of the sea. A captive specimen was fed with 
small live fish, w^hich it ate with avidity. About eight species are recognised, 
which have a world-wide distribution, occurring in all tropical and warm latitudes. 
The shells of the different species are all of a white colour, and exhibit two distinct 
types of surface ornamentation, the one consisting of simple, smooth, radiating 
wavy ribs, the other in which these ribs are more or less broken up into nodules or 
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tubercles. Argcmavi^ Uiana is the typical species of the former group, and A, 
navicvZa and A. tvhercvlata represent the latter. 



A, MALE AUGONAUT (twice uat. size), with HBCTOCOTi'LUS ENCLOSED IN THE BACK ; //, MALE ARGONAUT, WITH 

HECTOCOTYLUS FURTHER DKVKLfU’ED. 


Suborder Decapoda. 

The D(^capo(ls form the second division of the two-gilled order, and differ from 
the Octopods, as the name implies, by the possession of ten, instead of eight, anus. 
The two additional arms differ fixim the rest in their greater length, and in having 
suckers only at tlie extremity. They are freijuently completely retractile within 
pouches, and are used as prehensile organs in the capture of their prey. All 
decapods are provided with an internal shell. That of the living species is either 
horny — the so-called pen (gladitis); or else calcarerus — the bone ion) of the 
cuttle-fish. In SinriUa the shell takes the form of a tube, beautifully coiled, and 
divided off into numerous air-chambers by a s(*ries of septa or partitions. The arms 
of the decapods are furnished with peduncixlateil suckers, armed with horny rings 
or hooks. The head is invariably distinct from th(‘ body. The eyes are free and 
movable, and eitlier covered wdth a fix(?d, transj^arent lid or skin, or unprotected 
and in immediate contact with the water. All the spt^cies have cither lateral or 
posterior fins, and the funnel is provided with an internal valve. They live for 
the most part out at sea, but some — Sepia, for example — are met with nearer the 
shore. The pelagic forms are often found in immense shoals, and are eaten in 
enormous quantities by many cetaceans and large fishcis. When pursued by their 
enemies, squids have been known to dart out of the sea with such force as to fall 
upon the deck of a passing vessel. Decapods may be classified in three sections, 
according to the character of the shell, of which the different types have already 
been mentioned. 



334 


MOLLUSQ& 

Squids, — P amUy LoziomwJS. 

Some of the commonest of the horny pen-bearing decapods are the true squids 
or calamaries (Loligo), which have a more or less elongate body, with very large 
lateral fins at the posterior end. The eight sessile anns are provided with two 
rows of suckers with toothed homy rings, and the two tentacular arms are long, 
slender, and terminate in an expanded club, bearing four rows of suckera The 
pen is large, homy, as long as the body of the animal, and placed beneath the 
skin of the back. It is not in any way attached, so that if the skin be slit 
open, the shell can be drawn out entira The common squid (Loligo vidgaris) is 
met with all round the British coasts, and occurs in shoals of greater or less extent 
in the Mediterranean and Atlantia The spawn consists of numerous, long, semi- 
transparent, gelatinous sheaths, radiating from a common centre. Each sheath is 
about 4 inches in length, and contains numerous ova, and it has been computed 
that in a single mass of sheaths the deposit of one female contained as many as 
forty-two thousand perfect young squids. Mr. Lee observes that he has never 
seen these “sea-mops” attached to anything; and the pelagic habits of the calamaries 
render it probable that they are left floating on the surface of the sea. They are 
deposited in May or June. The calamaries are active animals, and always in 
motion. A second genus of squids {Ommatontrephes), frecjuently regarded as repre- 
senting a distinct family, differs from Loligo in having the body very long, the 
posterior fins comparatively short, and the pen very naiTow. They are gregarious, 
and frequent the open seas in all latitudes, and are extensively used as bait in the 
cod-fishery off Newfoundland, and also constitute the principal food of dolphins and 
the sperm-whale. They are also largely eaten by the albatross and other marine 
birds. By sailors they are called “sea-arrows” and “flying-squids,” on account of 
the rapidity of their movements and their habit of leaping out of the water. It is 
said that they frequent the shore in pursuit of the fry of pilchards and other fishea 

The largest of all the Cephalopoda belong to the genus Architeuihis, which 
in general conformation considerably resembles Ommatostrephes, Many stories of 
gigantic cuttle-fishes appear in the works of old writers, and although, in the main, 
great exaggerations, they are to some extent founded on fact. We are, perhaps, 
too sceptical to believe in an octopus rising from the sea, and carrying off a three- 
masted ship. Yet some of the squids are of such enormous size, that we can 
imagine they constituted the source from which these old tales were derived. In 
November 1874 a specimen was brought ashore at St. John s, Newfoundland, by 
some fishermen, who captured it in their herring-nets. It was more or less 
mutilated in the cai)ture, but the following measurements were taken from the 
parts preserved. Body 7 feet long, tail-fin 22 inches broad, tentacular arms 24 feet 
in length, short or sessile arms 6 feet long, some of them being as 10 inches round 
at the base. Particulars of several other specimens of gigantic squids, varying 
in total length from 30 to 52 feet, and also taken near Newfoundland, have been 
recorded ; the estimated weight of one of these being 1000 lbs. 

On the 24th of April 1875 a large calamary was met with off* Boffin Island, 
on the Irish coast. The crew of a “ currah ” observed to seaward a large floating 
mass. They pulled out to it, believing it to be a wreck, but found it was an 
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another of its arms and the head. The shorter arms measur^ each 8 feet in 
length, and 15 inches round the base; the tentacular arms are said to have been* 
30 feet long. A single arm of a large squid, supposed to have been found off the 
coast of South America, is 9 feet long and 11 inches round the base, and has two 
rows of suckers, with toothed, homy rings, each row consisting of one hundred 
and fifty suckers. The largest of these rings is half an inch in diameter, whereas 
tlie smallest, near the tapering end of the arm, is only about the size of a pin’s 
head. Judging by other specimens, it is probable that this creature must have had 
a body 10 or 12 feet in length, with tentacles over 30 feet long. 

Some portions of a remarkable gigantic cephalopod were obtained by the 
Prince of Monaco off the Azores, which were vomited by a harpooned sperm-whale 
in its death-struggle. The body of this huge squid was covered with scales arranged 
spirally like those of a pine-cone; and from this character — unique among the 
Cephalopods — it has been placed in a separate genus Lepidotevihia. 

Family Sepiolid^e. 


Sepiola is represented by a small decapod not unfrequently found on the British 
coasts. Mr. Lee observes that ‘‘ it has the faculty of rapidly changing colour, and. 



UPPER AND LOWER VIEWS OF SEPIOLA. 


if angered or alarmed, its hue is almost instantaneously altered, from a pale parch- 
ment dotted with pink to a deep reddish brown. In its habits this little animal 
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clifferH aa much from the l^epia as tlie latter from the octopus. It naturally buries 
itself up to its eyes in tlio sand , but as sand is apt to harbour impurities, which in 
a bowl or tank become corruj)t, and g(m(jrate poisonous sulphuretted hydrogen, 
the bottom of these rc^ceptacles is usually covered with shingle. It is most 
interesting to notice how, in olH‘ying its burrowing propensity, the Scpiola adapts 
itself to its circumstances and entirely deviates fj-om its customary nuxle of 
])roc(;dure. To make a sand-pit foi- its hiding-place, it will direct U])on it strong 
jets of water from its funnel, and thus blow out a cavity ui which to seat itself, 
and allow the disturbed particl(\s to settle ov(ir and around ; but, as the pebbles 
are too heavy to be', thus dis])laced by its bhsting apparati , it j emoves them, one 
at a time, by means of its amis, wdiich arc large and str'*!»g in proyjortion to its 
little short body.” Tin’s same. si»ecM-s, N. roiufelrtii, i.j eommon throughout the 
Mediterran(‘an, and is sold in the markets ol Italy. 

Families 0xV0I/i^TJ:irTinn^^Jiuu\ CmuoTEUTiniJ^E, 

The squi<ls belonging to the genus Onychofruthls arc' very similar to Lollgo, 
but are distinguish c'd by having the club of the tcmtaciilar arms furnished with 
strong horny hooks. Thc'y are mostly (d‘ small size, only a ft'w inches in length; 
but a vciiy large* sy)ecies {(). rohuMn) was observed oft* the coast of North-West 
America, and mc^asured 8 feed in length fiom the base of the arms to the yDosterior 
end of the body, it has since', been plac(3d in ilic'. allietl ge nus AvciHfroiciLihiH. One 
of the most j-emarkable of the de‘capods is the^ genus ('kiroinifhln^ easily recognis- 
able by the emormoiis length of the. te^ntacnlar arms, which ai’e many times the 
length of the body, so that the animal is enabled to capture its prey at some 
distance. C. vnuoiyi occurs in the Mediterranean, C\ honijlaiidi in the Atlantic, 
and lace Horn oil* the east coast of the United States. 


True Cuttle-Fishes, — F emily Hepijdje, 

In the cuttle-tishe\s of the genius i^e])iif the body is oval with a fin on each 
side extending the wholes length. The*. e*iglii srssile arms are furnished with 
suckers having foot-stalks, and the long l<*iiiacuiar arms are entirely retractile 
within the lie'.ael. Tlu^ dorsal plate, sh(;ll, or cut 1 1 « -bone*., is generally almost as wielo 
as the body, and placed beneath the skin of tli< back, with the terminal spine 
posteriorly. This is supposeel to protect the hiialrr parts of the animals, in the 
frequent collisions they are exposed to in swiminiug backwards. About sixty 
species of Sepia have ab*t‘ady be*.eu described, none nl' M‘ry lai'ge size, the largest 
bone being only about a foot and a half in length. A fine specimen of 8. a2>ama 
in the British Museum is 17 iiichejs long. They occur in all jiarts of the worlel, and 
three species are recorded from the coasts of Britain. They live near shore, and 
feed upon fish and crustac(\‘ins, which they seize with their rapidly unrolled 
tentacles. Speaking of the common cuttle-fish {8. (fjffivinalis). Mi*. Lee observes 
that though flabby and clammy in death, it is a lovely object when alive. Unlike 
the octopus, but equally rapacious, it loves the daylight and freedom of the open sea. 
Like the calamaries, the sepia is extensively employed as an article of diet in many 
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parts of the world. Dried cuttle-fishes are exposed for sale in the bazaara or 
markets throughout India, and may be seen among the articles of Chinese, 
Japanese, and Siaines(i food. The ink of the cuttle-fish was emplo^^ed as a writing 
material in very ancient times, its use Ixdng mentioned in the works of some of the 
old Latin writers; the ink-bags of cuttles are still manufactured into sepia by 
artists’ colourmen. Eggs of the common cuttle resemble black pointed grapes, each 
having a flexible stalk, looking and feeling like indiarubber. They are generally 
attached to the stems of seaweed. Each capsule contains a single young one. 

Family SPlUULJD^, 

Spirilla represents the last of the three divisions into which the living 
decapods have been divided. The shell of the spinila is abundant on tlu^ shores 
of some tropical countries, but the animal is scarcely ever met with. Only a few 
specimens have been captured, and most of these are in bad con- 
dition. Tlie shell is entirely white, pearly within, placed verti- 
cally within the posterior part of thc^ l>ody, so that the spire 
corresponds to the ventral side of tlie animal. It is a loosely 
coiled structure, resembling a ram’s horn, and is divided into a 
nrula peroni. number of chambers by fine coiicave partitions, like the slndl of 
nautilus, each one pierced by a slender tube or siphon near the 
inner curve of the shell. Tliree species are known, distinguish(‘d by difTerences 
in the soft-parts, the shells being similar. 

Belenmltea Bame group as the Spirilla belongs the (‘xtinct family of 

BdemnitUl(Vj ranging from the Lias to th(‘ Chalk, and whose skeletons 
arc commonly known as thunderbolts. They possess a tapeu’ing chambered shell, 
inserted into the summit of a long spear-like guard. Most of the species belong to 
tlie typictxl genus Belrmnitcs. 

Fouii-GiLLEn Giioup, — Order Tetrauranchiata. 

Family Nautiliike, 

The nautilus is the sole living representative of this order, and although not 
so rare as the spinila, the animal of the nautilus is by no moans common in 
collections. It is probably an inhabitant of deepish water, and only likely to be 
obtained alive by dredging, although a few specimens have been occasionally cap- 
ture<l at the surface. The animal is contained within tlie last compartment (^) of a 
chambered shell, within which it is comph^tely retractile. It does not resemble any 
of the dibranchiate cephalopods, having numerous small retractile feelers or tentacles, 
without any suckers, in place of the eight or ten suck er-bcjaring arms of that order. 
The b(‘aks are very solid and calcareous, not entirely horny as in the dibi-anchiatcs. 
'rhe eyes are small, and raised on shoH stalks; the funnel is not a complete tube, 
being fonned of two lobi*s which foltl over one another, but are not joined together. 
To the posterior end of the body is attached a slender fleshy cord, termed the 
siphuncle {a), which passes through holes in the septa of the shell up the coiled spire. 
It is enclosed in a horny tube, 'which is again coated with a calcareous deposit. 
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Tho function of the siphunclo probably is to preserve the vitality of the first formed 
portion of the shell, which without some such means of preservation would ho 
liable to decay. Tlie animal is somewhat feebly attached to the sliell by two large 
adductor muscles one on each side of the body, which are, as it were, connected by 
a muscular girdle of the mantle passing round tho body from muscle to muscle. 
The chambered shell is beautifully pearly within, but lias an external porcellaneous 
coating. A full-grown shell has about thij*ty-six si‘j)ta, which arc I’olatively 
equidistant, showing that the growth of the animal is regular and gradual 
throughout life. Tlui septa give immense strength to the shell, sufficient to 
resist the pressure of the wattu* at great 


depths upon the air-chambtu’s between them. 
These air-chamb(‘rs undoubtedly serve to 


I liese air-clianuM‘rs umlouhtedly serve to 
buoyuj) the shell when the? animal is swim- Ij; 
ming or desires to ris(* to iht* surface* ; but U 



NbLTlUN OF MIbliL OF I'bAKlj^ AAUT1LU» 

(nmch mluml). 


the old stories of its filling tho c(‘lls at 
})loasure with (‘ither air or wai(‘r, and so 
rising to the surbiet* or descending to the 
bottom, are mere fables, and comparable to 
the legi‘nds ri'spc'cting the sailing of the 
argonaut. Tin* shells of the male ami 
f(*male are said to presimt certain slight 
diflei'ences. Very little is known of tin* 
habits and economy of the* pearly nautilus, 
but, as already j*emark(‘(l, it is most lik(dy a deep-water animal, as a rule living 
at depths fai* beyond the action of storms. It would probably be obtained by 
<lredging or by means of baitiMl traps. A specimen drcdg(‘d off the Fiji Islands, at 
a <le])th of about three liundrtMl and twenty fathoms, was kept alive for some 
time in a tub of sea wat(U\ The mod*^ of giowth of the nautilus has been a 
subject of much discussion, and the way in which the successive air-chambers and 
S(q)ta are foriiu'd is not known with certainty. 1die living forms of Ntiniilm 
probably belong to thre(j <listinct species. K. lynnp 'dhis has a wide distribution 
in eastern seas, sp(‘oimens having been obtained in the Indian Ocean (Andaman 
Islands), at the Aloluccas ami Java, and in the Pacific at the Kew H(!brid(\s and 
Fiji; N. urnhiUctfi ns is recoi’clcjd from tie* Solomon Islands, and New Indand ; 
and J\^. mAicroinjdndus from New Caledonia an<1 th(i Isle of Ifines. The animal of 
EauHlus is used as an article of foo<l among tin*, natives of the New Hebrides, 
New Cale<lonia, ami Fiji, it being c:ipture<l li\ the Fijians in traps baited with 
boiled crayfish. 


Allied Famili Tho genus Nffutilus ol great anti(julty, dating from an early 

epoch in the I\ilaH>zoic period, cam! forms th(^ t^'pe of the family 
Xa tdilUhti, which inclmkjs st^veral extinct g(‘m‘ra. There are alli(;d extinct 
families, collectively forming a group characteris(‘d by the simple structure of tho 
septa of the shell, such septa having tluai* concavities directcul towards its aperture. 
Among these, the (Mltocrrniidd^ as typifiefl by the Palaiozoic g<*nus OrihoceraH, 
may be characterised as unrolled nautili, the shell — which sometimes reaches an 
immense leiip-th — forming*- a lon.<'- cone. 
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A CKHATITE {Ocmtitcs w^oms). 


AN AMMONITE 
{(Mrdioccras cm'datiiw). 


Another well-marked group is that of the Ammonoidca, represented by the 
goniatites of the Paheozoic, and the various types of aininonites of the Secondary 

rocks, as well as by 
the turrilites of the 
Chalk. In all these 
the e<lges of the 
sutures, where they 
join the shell, are more 
or less complexly 
angiilated or frilled, 
the complexity being 
very great in the 
ammonites, but a 
simpler type obtaining 
in the goniatites. 

Whereas in the two latter the shell is coiled in a flat spiral, in the turrilites it 
forms a cone, while in the hamites and baculites of the Chalk it is either straight 
or partially coiled. In the ceratites and ammonites (which include 
Ca rdioerra^, and many other gemera) the mouth of the body-chamber of the shell 
was closed by an operculum, which often consists of two pierces meeting in the 
middle line, and the wliole being heart-shape<l. In oth(‘r forms the operculum 
was single. Mr. Cooke observ(\s tliat “some autliorities hold that tl)e members of 
this sul)ordei’ belong to the ])i branch iata, on tlui ground that the protoconch 
resembles that of Splmda rather than that of the Nautiloidea. Others again 
]*ogard the Ammonoidca as a third and distinct order of Cephalopoda. Their 
distribution extends from the Silurian to (possibly) the early Tiutiary. No trace 
lias ever been found of an ink-sac, mandible, or hooks on the arms ; and the shell 
was undoubtedly extemaL’' 
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(CHAPTER X. 


Moltatscs, — conlimied . 

The Gastiu)P()i>s, — ('Jlass Qastropoda. 

The Gastropods oonstitiitf Uy i'nr the largest divisiLrii of tl.<‘ Mollusca, and include 
among theii* number forms wbicli bear no external re^' iiiolanco wliatevcT to one 
anotlua*. Some are fre«‘-s\vimndng animals, living far from laml, out on tin* open 
seas; others occur in shallow wab r, or iMAwetm tidr'-marks ; while others are 
dwellei’s on tin* land, or fre^puait rivers and lakes. Some liavt^ intemal, others 
(external shells, whilst many have jjo ti^staceous structur*^ of any description. 
Snails, whrlks, and jieii win kies are typical forms of (hastropods, and the more 
abi‘rrant types are re]>r(‘sented by tlu' Xucleobranchs, Hetero])ods, and Pteropods. 
Th(^ typical Gastropods ai*(‘ all cra wlers, moving like a slug or snail by a continual 
expansion and conti aciion of tie* muscular foot. Some br(‘athe by iiK'ans of gills, 
others by a lung, while C(‘rtain forms nn. providiMl with both modes of ri^spiration. 
Tiny ai’e gen(‘rally furnished with a sjiiral sh<‘II Avlaai adult. They are mostly 
unsymmetrical animals, lying spirally coih‘d within the sh(‘U ; this want of symiiuitry 
being particularly nianil‘est(‘d in thi‘ breathing-organ. In many marine forms there 
is only a single gill, but in a f(?w gemn'a — Fissurdhi for examphi-- this gills are 
])aij*e(l. There is always a monj or less <listinct lu^ad, bearing one or two ])aii*s of 
tentacl(‘S, and there are gcaierally a pair of eyes situated at the basii or end of tla^ 
tentacles', or raised u])on sliort stalks. The jnouth is usually provided with one or 
more jaws, and tin* lingual ribbon, oi* j'a<lula, within the mouth, varies gr(‘atly 
in its armature, and ]>lays an imjiortant }>art in tiui various scluanes of classification 
which have b(*en ])roposed. While (‘uormously <l(*velop(*d in some groups, such as 
the linnM‘ts, in a few it is entirely wanting. It consists of a thin chitinous mem- 
braiu*, th(^ sui-faei; of wliich is bes(*t with a multitude of so-calh‘d t(‘eth, 
symmetrically arrangi’d in ti'unsvei'se or obli<jm‘ sei-irs. The texAh lira silic(‘ous, 
insoluble in acid, and cajiable of I'asping away hard substanc(*s. With it the whelk 
and other carniNorous Tornis lioro through tin* shells of bivalves, and the limpet 
eats away the calcan*ous nulli])on‘. Xot only is tie* roi in of the t(‘eth extremely 
variable, but their number varies enoj'inously in different groups. In an Folis^ oiKi 
of thi^ Nudibranchs, then* are but sixteen t<M‘th : in a hnrls^ belonging to the same 
group, there are as many as six thousaml, whilst in a. largi^ s})(*ci(‘S of Hdlx the 
number lias b(‘en estimat'd at neai'ly forty thousand. The shells of Gastropods 
are usually sj)irally coiled as in the snail, but sometimes they are tulndar or conical, 
like that of the limpet. The forms of spiral shells are innumerable and very 
unlike; some being globose, with simjde rounded apcu'ture, while others are narrow 
and long, with prolonged spires, and tlie mouth produced into a long anterior beak. 
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The colour and ornamentation of the surface are also as varied as the shape. 
Nearly all spiral shells are dextral, but a few genera {Pkysd and Lanisfes) are 
normally sinistral ; while in other groups (Achatinellay Aw-plt Idroiiiiis, etc.) some of 
the species are indifferently dextral or sinistral. A large proportion of the Gastro- 
pods entirely or partly close the aperture of their shells with wluit is teimed an 
operculum. This is sometimes horny, like tliat of the comnion periwinkle, or it may 
be solid and calcareous as in the Turhiv/uhv. I'lie different forms assumed by this 
structure have afforded characters for sc^parating many groups gtuierically. The 
operculum is generally attached to the hinder part of the foot, so that wlien the 
animal witlulraws within the shell — it niore or less closes the aperture, and thus 
protects itself. In many species the operculum is very small, and would not serve 
as a defensive weapon, whilst in others it is altogether wanting. Gastropods may 
be classified in three principal divisions or orders, namely, the Pulmonata, 
Opisthobranchia, and Prosobranchia. 

The Lung-Bkeathing Group, — O rder Pulmonat^v. 

The order Pulmonata comprises all the true land-snails, — i‘xce]')ting such as arii 
provided with an operculum, — the inoperculatcMl forms of fn^sh-water snails, and the 
family of the Avricvlidtr. The latter forms a considerable grouj), the members of 
which are chiefly met with in salt or brackish marslu^s, although then^.artj three or 
four genera which are strictly littoral in their habits. All tlui Pulmonata are pro- 
vided with a breathing-cavity, which is not freely ojaui as in tlu^ terrestrial and 
fresh-water Prosobranchs, but has only a small opening which is contractile so as 
to exclude the water in the acpiatic species, anti th(^ hot air diu*ing the lu^at of 
sumiiKir in the terrtistrial forms. This lung-opening is seen on t1u‘ riglit sitlti of 
most snails and slugs a little bt*hin<l the heatl, ami at tmci* clost‘s uj) if th(‘. animal 
be molestt'il. With a few exceptions, the fjvsh-wat(‘r Pulmonates rist,^ to the surface 
to breathe, and are suffocated if proventt'd fj*om obtaining the 3*(*(|uisite supply of 
air. They can be drowned just as easily as a slug or snail Ixuienth thi‘ water, but 
naturally the process would be longer in these aninials, in which the breathing is 
habitually much slower. In the case of Anrylu.^, howevt']-, this could not be 
effected ; and a fresh-water puliuonatc,P/iy.'^rt from Madagascar, possesses 

a well-form(‘d gill. 

The Pulmonata may bti separated into two main divisions, according to the 
])osition of the eyes. In the Stylommatophora, represented by slugs and snails, 
these are situated at the tip of retractile tentficles, whei’eas in the Basommatojihora 
they are placed at the base of the tentacles, which are only conti'actile and not 
retractile within themselves as in the former section. The Stylommatophora are 
mostly more or less slimy, and leave a mucous tnxck behind when ciRwling. 
Although they are chiefly \'egetarians, some are not only carnivorous, but evert 
cannibals at times. They are found in all jmrts of the globe, from the Arctic’ 
regions to the Tropics, but are most abundant in those countries wh(‘re there is 
plenty of lime and moisture. The sexes are not distinct but unite<l in each 
individual. The eggs of tciTestrial molluscs are far less nuTiierous than those of 
the marine forms, and are deposited separately. They are mostly round or egg- 
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shaped, and are generally laid in th(j earth under stones or heaves, and there left 
to hatch by thoTiisi'lves. On emerging from the (‘gg, the animals are practically the 
same as the parent, but the form of the shell, when present, generally alters very 
much in the course of growth. 

Shelled Slugs, — Family TEi^rACELLWAi 

The shelled slugs, or Tfstacellidiv, have no jaws, but are armed with a tongue 
bearing obli(j[ue series of long, narrow, pointed teeth, indicatix e of their carnivorous 
habits. AVhiK‘ some members of the family are without any external slu*!!, th('. 
majority are provided with shells capable of entirely cowering the animals, but a 
few have only very small ear-shaped shells attach 'd to I ’le upper surface of the 
hinder end of the foot. To the latter group beh ngs 2V the tyj deal form 

of th(i family. This genus includes tdongated slug-like ci.iimals, with the bnuithing 
orifice at the posterior end oF the. body, which is capable of gre^at exit^nsion and 
contraction. They prey uyxai earthworms, which are pui*suod in tlndr burrows under 
ground. In a recent account of the habits of scidaltim, Mr. Webb observes that 
it usually seized the anterior 
end of the w^orm, and gradu- 
ally swallowiMl it ; but (x;ca- 
sionally the middle was 
seized, in which case the 
worm forced itstdf away. 

During cold northerly and 
easterly winds th(‘se crea- 
tures enclost*. th(dr bodies in 
a kind of cocoon, like that 
of the silk-worms, which is 
secreted from tlu' skin, and 
often mixed with earthy and 
extraneous pai‘ticl(‘s. Th(*s(j slugs deposit a few calcareous eggs, which in form 
are as syniimdi-ical as those of a bird, and large in proportion to the size of the 
animal. It is doubtful whethei* this genus is truly indigenous to (Jreat Britain, 
or merely an introduction of comf)arative]y modern times. The only other parts 
of the woi-ld besides Kuropt^ where 6 occurs, are Algeria and the Azores, 

Mad(‘ira, and Canary Islands. 

(?/(/>/ (////a forms an extensive genus of chiefly resti*ict(‘d to th(i 

central i)arts of America; one species, however, br'ing European. Like TrHiacMn, 
these are very voracious, and even attack their ()wn s[»ecie«. D<i lulrhtrdia is another 
slug-like genus of this family, carrying a small sla*!! upon the tail. Tluy occur 
in Southern and Eastern Europe and Western Asia, and in Nt‘w Zealand are closely 
represented by Schizof/Ioftsft, the. ext(*rnal aspt?ct of which is viny similar. The 
allied Streptaxis is remarkable for the peculiar obliipiity of the last or Ixjdy-whorl 
in relation to the spire in ino.st of the speci<‘s. Tlui first-formed part of the. shell 
is regular in its growth, like* an ordinary garden snail -shell, but suddenly the 
gi*owth becomes irregular, giving the shells a very oblifjue and distorted appearances 
The object of this deviation from the ordinary form of growth is not apparent, but 



BHELL-ltKAHlNC! si.U(j, Tvslavvllit halivfidva (iiul. sizr). 
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it doubtless serves some special purpose. Nearly all the species of this genus are 
of a whitish colour, polished or obliquely striated. They chiefly occur in South 
America, Tropical Africa, Southern Asia, and certain islands in the Indian Ocean. 

True Slugs, — Family Limaciijje. 

This family contains many genera of naked slugs, and several either partly or 
wholly protected by well-developed shells ; the hinder end of the foot in some 
forms terminating in a conspicuous mucus or slime-pore. The typical slugs are 
mostly elongate animals, capabhi of great contraction, and always pointed or 
attenuated behind. The mantle forms a soi-t of shield, placed over the fore-part of 
the back, and beneath this is situated a small calcareous plate, representing the shell. 
These plates occur fossil in Eoceme beds. The respiratory orifice is seen on tlui 
right side of the shield, but rather far back. The head is prominent in front, 
bearing two pairs of retractile tentacles, of which the upper are the longest, and 
furnished with eyes at the bulbous tips. The mouth is provided with a horny 
upper jaw, which is smooth, with the cutting edge produced into a soi-t of beak in 
the middle. The radula has numerous transverse series of horizontal or slightly 
oblique teeth, of which the central tooth is three-in*onged, the laterals about the 
same height as the central one, while the marginal teeth are narrow and acute. The 
body is united to the foot, and is more or less wrinkled; the wrinkles being most 
conspicuous when the slug is contracted, and to some extent characteristic of the 
different species. The LimLicUloi live in damp plac(‘s, out of doors, or in cellars, 
and hide away during the daytime under stones, dea<l leaves, or in fact in any place 
where it is dai’k and moist. They feed chiefly on d(‘caying vegetation, but some 
are more or less carnivorous. Certain species are gn^at jjtssts in gartlens. LinuJix 
agreatis, the “ milky slug,” — so called from the opa/jiie white colon i* of its mucus, — 
is a very common species in England; it is vtay fund of st]*Mwbern(‘s, and is also 
saitl to feed upon eai’thwonns. Tlnise slugs increase in numbei’s rapidly, and are 
said to produce several families in the coui-se of a summer ; a pair having been 
known to lay nearly eiglit hundred eggs. Home speci(‘s of L i max arti capable of 
lowering themselves to the ground from the branch of a tree by secreting a slimy 
thread. The largest species occuring in Britain is L. maximum, which has a very 
wide range on tlie Continent, and sometimes exceeds G inches in length. One may 
often notice numbers of a minute white jwasitic mite {Pluhnlramun) lainning about 

the body of this slug, and it is 
said also to live in the respira- 
tory cavity, but does not appear 
to cause any annoyance or 
injury to its host. 

In the genus Vitri/na the 
animal is provided with a 
fragile, external, homy shell, * 
not sufficiently large to receive 
it entirely, when contracted The shells are all very much alike, ami precisely 
similar to those of Hplicariony anotlier genus of Limackltv, which, however, is 
distinguished by having the foot truncated obliquely behind, and furnished with 





{Vitrinff) AND amneu-snail {Svrrinea). (Nat. size.) 
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1, 9. VarietiM of Htiix hortensis. 6. Limmx MMjrtNiNs. 10. Heltx pomatia. 18. Cyck u toma eUgans, 

8. AftMim^x mgrttHx. 6. 7. H$Ux rnmormUs. 11. 19. CUustlia ventricosu. 14, 16.' VariotiM of i4riON CM^fncc 
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a large toriuinal mucus -port', and there are other anatomical differences. The 
single British spt*cies is ht^re figured. Imliko Vitrinay the snails known as Zonites 
and Vifren, togetlier with some alli(Ml genera, are wholly retractile Avithin their 
shells. There are several Britisli species of Vltrra, and their identification fix)m 
the shells alone is a matter of considerable difficulty. In their habits they closely 
resemble being carnivorous rather than vegetarian. They greedily <levour 

any kind of animal h)od, even in a jmtrid condition, and are also said to prey 
upon some of the larger snails. Tluy are generally found hidden away under 
stones, deatl leaves, or moss, and some of them emit a strong smell, like garlic, which 
is perceivable at a distance of some feet. 

The Snail Tiuhe,— F amily ifELicn^^K. 

Like the Linuu akVy this family includ(‘s forms with or without an external 
shell. In m^arly all the gem^ra the cutting-jaw of thti animal is more or less 
ridged, and not smooth as in l/thia.v. The jirineipaJ distinguishing character occurs 
in the structure of tln^ radula, which is coin})ose<l of many rows of V(‘ry numerous 
similar s(|uare-based teeth, arrangc^d so regularly as to have a tessi'lati'd appearance. 
It is very broad, and tli(i numb(5r of tt^eth in a row, although usually less, is some- 
times as great or ('vcui gr(\*iter than the number of rows. 1'’his family includtis an 
enormous numb(‘r of sp(^ci(‘s from all parts of the globe. These occui* (werywhero 
and in all climates; in dense forests, on the top of grassj^ downs, in valleys, fields, 
lanes, in the arid des(jrt, and at an (devation of some ten thousand feet lx>th in the 
Old and New World. 

To an ordinary observer, the meTnb<‘rs of the genus Anon (sometimes placed 
in a seijarate family, Arioniikv) are merely slugs. Externally the resemblance is 



IM.A(’K sLCr;, Arum ci/ipiricoru»i (uat. size;. 


very close, but the dilferent position of the respiratory orifice, and the presence of 
a mucus-pore at the end of the foot, readily separates this genus from Lirnax. 
Besides these difi'erences, the radula is of a different type. In Liniox the breathing- 
hole is situated near the liinder end of the shield, whereas in A-vion it is much 
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further forward. In tlie present ^ifenus there is no internal shiold-like shell, as 
in Lhmix, but this is represented by a few unequal calcareous particles beneath 
the mantle. Nine species of this genus are said to occur in Britain, and of these 
the large A. rmpiriconim is the commonest anel best known. It is sometimes 
intensely black, but it may be brown, red, yellow, greenish, or (;ven white. This 
great variation in colour is unaccountable, for black and red specimens occur in 
the saiiu; districts where the natural surroundings are practically the same. The 
edge of the foot, when crawling, displays a yellowish or orange border crossed by 
closely-set black lines. This species usually feed on vegetable substances, but it has 
occasionally been known to devour earthworms. It ranges over a considerable 
part of Eui'ope, and has been recorded from Siberia, Coi-sica, and j\s far as Madeira. 

The genus Helix includes the true snails of the tyi^e represented by the 
garden-snail {H, afiperm), and the edible or vine-snail (H. poindiia), as it has been 
variously named. The animal is completely retractile within its shell, and the 
body distinct from the foot, and well protected by the spiral shell. The breathing- 
orifice is on the right side beneath the margin of the aperture of the shell. The 
genus Helix, as uiidei’stood at the present time, is much niorii limited than it w^is 
some years ago, and the; tendency of conchologists is to j)ropose still further 
limitations. The necessity of dividing an enormous genus like Helix containing 
thousands of species, is universally recognised, but th(i danger aris(\s of carrying 
this sectionising too far. Many of the divisions are partly founded upon 
geographical considerations. 1'lie form of the shell in Helix is extremedy variable, 
as a glance at any collection will show. Some are sharply conical, othei\s globular, 
or flat and acutely ketded at the circumference; and th(‘ vai*iety of colour is 
endless, and changeabh^ in sp(‘cimens of the same species. The British IL uemoralis 
and H. hortenalH are striking examples; and H, j>iet(i,i\ beautiful ( uban shell, is 
another remarkable instance. Not only does the groun<l - colour f>fler many 
variations, but the coloiu* ami disposition of the spiral lines or l)ands which adorn 
the surface are equally variable. Idle twenty-five; species of Helix which occur 
in Britain are insignificant in comjiarisoii with their exotic i-elatives, although 
large (uiough to do a considerable amount of damage in tlu; garden. The finest is 
the H. j) 0 ))niti(t, popularly known as the apple-snail, but this name, as pointed 
out by various writers, although appropriate as regards its shape, was not derived 
from the Latin ponmm, an apjile, but from the Greek signifying a lid or 

operculum. When winter is ap])roaching, the animal secretes a diajihragm or 
covering to the aperture of the shell, a false operculum, to keep out the cold and 
AV(‘t when hilxu’nating under ground. It is composed of slime and calcareous 
matter, but is not pierced with a minute breathing-hole, as is the case in some 
otluu* spt;cies, although probably sufficiently porous to permit of whatever change 
of air may be necessary during the winter sleep. The eggs of H. pomatia are 
deposited in June in holes in the ground, formed by the snail itself. They are. 
about the sizt; of a small pea, and much resemble in colour and consistency the 
berries of the misth'toe. Only a day or two is occupied in the production of sixty 
to eighty eggs, and these arc then covered up with earth and the ground so 
levelled that the j)lace, or egg-nest, is difficult to discover. The length of time 
before liatching varies according to locality and the state of the temperature. It 
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may be from al)out twenty to forty clays before the young snail eats through tlio 
skin or shell of the egg, nnd tliis it is said to entirely consume. Although H, 
pomaha is commonly styled tlui (Mlible snail, it should be remembered that other 
species are also considered a delicacy; H, H, Qiutlc(/l</es, and H. 

vermiculata being commonly eaten in parts of Italy and KSicily ; while in Naples, 
JI. licjdfa and H. Incoram are also to bo seen for sal(\ H, which is 

collected near Palei*mo, possesses the poAV(‘j* of boring int <7 the rock ; this being 
probably eftect(‘d by means of the radula. The supposed object of tliese excava- 
tions is to secimt a place of refuge^ dui’ing the*, period of exc(‘ssiv(‘ heat, and also to 
obtain a supply of lime for the formation of the. shell. Thr Philii)|)in(‘ Islands are 
the home of a beautiful genus of snails {lirl IrosfifUt), maiiv of which are clothecl 
with a peculiar periosti*acuni, which, when wetted, become . j*iore or lt*ss ti*ansparent, 
disclosing the colour of the sladl beneath. Two or three of the s 2 )ecies are of a 
bluish tint, a colour not found among other land-shells. 

The imijortant genus (now alxdished in favoui* of Sfm])hocJfcilns) 

formerly contained a large numbtu- of sj^ecies from all jxirts of tlu^ world, but is 
now limited to a compai-atively few forms occurring in South America; S, ohloiKjUH 
being one of tlnj commonest and b(‘st known sj)ecies. Another, N. in((A'iinis^ is 
sometimes as much as (J inches in length. IMie majority of tla^ other sj^ecies, 
originally classed in are now locjxted in Bulihudtis and its sections, or in 

BalbiunLi^. These genera are distinguished by ditfei’onces of tla.' jaw ami ra<lula. 

There are. scvcTal other families of land-shells, which can only 
be briefly reterred to. Tin; are very elongate, mar>y- 

whorled shells, which occur princi])ally in the West lmli(\s and South Anuu-ica ; 
many of them being remarkabh*. for their slender forms and e.X(juisite scul2)turo. A 
ixiculiarity of Cyl ’Did vplla consists in the slndl luung almost invariably truncated, 
that is, the upper whorls ar<^ broken otf when thci animal reacln‘s maturity. ^J'his 
may be doiu* to lighten tlie shell, which otherwise would be t(70 long foi* the 
mollusc to cany erect. The Puj/uUv. com])jis(‘s a number of forms which are 
conchologically very <lissimilar. The typical Pn fm includes minubi creaturi^s, and 
app(jars to be found in all parts of the globe, but (jsfxicially in tenijuirabi and 
mountainous i-egions. They an; grt‘garious and live in moss, under sbmes, in th(; 
cri;vices of old walls, or among the roots of grass and oth(‘r plants. Mf>st of the 
s[)ecies have what ai'e called ‘‘teeth” within tiie ajieituri; of the shell, and these in 
some S 2 )ecies are so numerous as to almost clost^ the oj)ening, ami 
thus make it, one would suj)f)ose, a matter of snna- dilficulty for tin; 
animal to scpieeze thi’ough th(*m wlaui emerging from its shell. 

Vrriirjo is a genus similar to PujKt as regards tin* slu'il, but S(;parable 
on account of the animal having only one jzair of tentacles, the lower 
pair being entirely wanting. The shells, according to the sjxrcies, 
are d(‘xtral or sinistral. (HausU is remarkable for the large 
number of species, the general similarity in the. form of the slender 
shell, and the peculiar jzrocess within it, whicli s(‘rves as a door to 
shut in the animal when retracbxl. The shells are almost invariably reversed, and 
fumished with two or three folds or pliem within the mouth, and other lamcllas 
still fui*ther within, which can only be detected by the transpanuicy of the shell 
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itself. About a thousand species have been described. Tliey are most numerous 
in Europe and Eastern Asia, onlj’^ a veiy few species beiny known from South 
America. AchatiiHi is one of those geiuu'a the scope of wliicli has bijen i^reatly 
altered since it was first founded by Lamarck. In those days any land-shell with 
a notch or truncation in the pillar-lip of the aperture was considered an Achat ina. 
It is, howe\'er, now reserved for a group of large snails which are only met with 
in Africa, Madagascar, and a few other adjacent islands. They have fine handsoim' 
shells, vividly painted with more or less wavy stripes, and covered with a thin 
periostracum. A. varLegaMy in the tropical forests of West Africa, is sometimes 
7i inches in length, and the largest of all the living land-shells. 

The members of the extensive family Achatinellvtat are inhabitants of the 
Sandwich Islands, and occur in no other part of the globe ; the species IxMiig all 
small, and many of them both dextral and sinistral. Some ai’e found on trees 
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AOATE-s>'AlL {Ac/tufuiu j'ulica). 

and shrubs, whilst others are always met with on the ground. Mr. Barnacle has 
given an inku’esting account of the production of musical sounds by these little 
land-snails. He descrilK‘d the sound as resembling that of hundreds of xEolian 
hari)s, and belit^ved it was produced by the friction of the shells against the bark 
of the tretvs upon which the snails were crawling. 

The amber -snails {Slurineifhv) bear a strong family likem‘ss to one 
another. The shells are all very fragile, oblong, yellowish, or reddish, with a more 
or less (‘xsertt‘d spire and a very large body- whorl. They are found in damp 
situations, and have even been observed crawling beneath the water, upon which 
they can float in a revei'sed position. They are vegetarian in their diet, and 
deposit their eggs on the stems and leaves of aipiatic plants, and also upon stones 
or other substances near the waters edge. Species of Sitccluea occur in most 
paHs of the world, being met with in such remote localities as Greenland, 
Patagonia, India, Japan, Australia, and the South Sea Islands. The species 
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figured on page 344 is found all over Europe, and ranges even as far as Afghanistan. 
The character of the radula is shown in tlu». figure on the next page. 

The family Oncidiithi* iiicludt^s about fifty shell-less air-breathing molluscs,, 
somewhat slug-like in geriei’al appearance, but provide<l with a tliiek mantle covering 
the whole dorsal region. This is frequently more or less tubercular, some of tlie 
tubercles being furnished with ej^^es which, simple as they are in structuie, are 
id(‘ntical in type with tho.se of the VeHebrata. These snails live on the seashore 
or in brackish marshes, (‘ating nothing but sand, but, of course, only dige.sting the 
nutritious oi-ganic particles contained in it. Pi’ofesso!* Semjau' has given an 
account of tlndi* habits, and how they are pursucMl by et-rtain tisht‘s 
ihn1nn(^^\ which conu^ ashore after them. One s]ieci(‘S, >. cvllictim, is fouml in 
Cornwall and South l)(‘Von, others occur in America and Pacific. 

Basommato- The numerous Form.s belonging to this group, comprising th(‘ rest 

phora. Qf Pulmonata, difTer from those already in(licatt‘d, in having the 
eyes situated at the base of the* 
tentacles, as in the marim^ wlielks 
and periwinkles, in.stea<l of at the 
tips. An ext(‘rnal sh(‘ll is always 
present, and capable of containing 
the entire animal. Hie memb(*rs 
of tKe family Atn'icnlaka mostly 
Earlet Shells, inhabit salt or braek- 
AuriculidsB. marsh(‘S, and were 
formerly r('gard(‘.(l as marim* mol- 
luscs. The shells generally ai’c 
rather soli<l, of difh'rent forms, but 
usually with nari’ow apertuj'es, more or l(*ss contract(‘d by te(^th. The intenial 
septa betwei'Ti the whorls of the spire are often absorbed or dis.soiv(‘d, (‘xc(‘pting 

that between the last and penulti- 
mate volutions. Some .s])eci(is of the 
typical A nricida have hngij heavy 
s]h‘11s, and are m(‘t with in mud- 
banks and in swanips, in tb(‘ Indian 
Ai'chipelago. I'liose belonging to 
have oval, compress(‘d sIm‘11s, 
V itli tootlu‘d apertures, and <K*eur 
ill gi‘i‘at numbers in mo.st i>laces in 
woods iH‘ar the sea, ai*e. wholly ter- 
resti ial in their habits, and fe(‘d on 
decayed vi*g(‘tation. CnememlxTof 
this fai ni ly ( f V/ rtjeh I into on in ini urn.) 
is found in Givat Britain, and on tluj Continent. It is an extremely small 
shell, less than the t(*nth of an inch in length, transparent, glos.sy, liaving 
three teeth-like projections within the aperture. It hides away at tin*, roots 
of grass, among moss, dead leave.s, or under stones or dead wood, in damp 
situations. 



EAllLET SHELT., A U riculn Jiffhi (llflt. sii'l'). 



lUjikia ucarnbauH (ujil. size). 
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The three families Liinnceidcey Physidce, and Chilinidce form a 
Pond-SnailB, etc. j group of tlui Ihiliiionates with sessile eyes, all being inhabit- 
ants of fresh water, but rising occasionally to the surface to renew the supply 
of air. Tln^y are mostly herbivoi’ous, but some kinds of Limnmi and Physa are 
said to become caimivorous occasionally. In the first family the members of the 
genus Ancyla^*i are popularly known as fresh-water limpets, on account of the 

resemblance in form of their sliells to the true 
limpets. They have all small thin shells, with the 
apex somewhat posterior, but generally inclining 
a little to the right or hd't. They are found on all 
four continents, as well as in Australia, New Zealand, 
the West Indies, and other islands; two species 
being Jlritish. A. fitivlatllis occurs generally on 
EMBRYO OF RivER-LiMFET [Ancylus). stoiK's, but occasioually on plants in sliallow streams, 

and running brooks, whereas A. hfcustri^ invariably 
adheres to the stems and leaves of plants in ponds, lakes, and canals. On account 
of this difterence of habit, and also for various anatomical rt^asons, the latter species 
has been placed in a separate section (VMeita). The illustration represents the 
embryonic stage of this species just prior to its (|uittmg the ovum. 

I'he fresh-vvatt‘r snails belonging to the genus have thin homy shcills, 

with more or l(‘ss sharp spires, and are usually dcxtral, but certain forms occurring 
in the Sandwich Islands, Australia, and probably other neighbouring localities, are 
constantly sinisti’al, so that it is impossible to s<‘parato them from the genus 
Phym by the sh(‘lls only. An examination of tlui animals, however, at once 
determines th(‘ir pro])er position. In 
Llmna^a the two tentacles are com- 
])ressed and triangular, with the eyes l 
at their inner base. In Phyna. they 
arc cylindrical. The jaw and radula ^ 
are also ditier(*nt in the two genera. 

The speci(‘s of L'nniimt. frequent 

shallow and still wattu’s, in most parts c 
of the globe, oTten swimming at the 

surface of the water in an inverted teeth of radula ok — «, Limmm star / nafus ; 

, . 1 Ann/his Jfiiviatilin \ r, Suv.dnea puiris. (Gn-utly 

position. They are prolific and ma^iufied.) 

gregarious, and the eggs are enclosed 

in transpannit gelatinous capsules, and depositiRl in continuous scries, and attached 
to submergi‘d stones as well as to the stems and leaves of aquatic plants. L. 
fttayihd is common in ponds, marshes, and slow rivers, is the largest species, 
and six otlua* species occur in Britain. The other figured forms illustrate the 
great variation which occurs in the relative length of the spire and aperture. In 
one of these {L. truHcafidn) the liver-fluke, so destructive to sheep, passes one stage 
of its existtaice. 

The animals of the genus Pl(inQt*bis are small, and have the vital organs on 
the left side. The tentacles are slender as in Phym^ but there are no lateral 
mantle-lobes, ’'fhe shells are all very similar, being sinistrally and spirally coiled 
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up like a rope, in the eame plane. They frequent stagnant pools and ditches, or 
slowly running water, in all parts of the world. The WTll-knowii P, comews is 
not only by far the largest of the eleven Bi*iti.sh species, but also larger than any 



COMMON roND-SNAiL [Limruxa), 


other known form, although some of the South Ainei-ican ty]>cs approximate 
closely. When disturl)e<l, it omits a purple-coloured flui<l, probably as a means 
of defence. 

In Physft the animal is always sinistral, liaving th(^ respiratory and genital 
orifices on the left side. The teiitaeh^s are cylindrical, anrl the eyes are at their 



VAUIOUS K<»HMS OF THE OENUS LIMN.KA. 

1, Limnim fjhWra ; 2, L. • ■*, ; < 1 , L. tnmctituhi. ; r>, L. ; G, L. valyaris ; 

7, L. la'utft ; S, L. aitrintlana. 

inner base, as in Llinnoxi. The mantles is furnishefl on each si<h.* with more oi* less 
elongate lolx‘S, which, when the mollusc is crawling, are folded back upon the 
exterior of the shell. In their habits these snails resemble the preceding genus, ami 
they are almost cosmopolitan in their distribution. Phympsts, a Centi*al and South 


352 


MOLLUSCS. 


African form, has a reversed shell like Phyaa, but is distinguished by having a 
tooth or fold on tlic columollar margin of the aperture. In Ohlliva tha shell is 

dextral, like that of Lintncea, 
but differs in being covered 
^ with a periostracum, and cx- 
liibiting reddish wavy colour 
markings. Tlie coluTnolla is 


thickeiKid and furnished with 
one or inoi’e folds or plaits. 
They are found only in clear 
running streams of South 
America. 

The curious pulmonate 
known as Arajihihaht some- 
what resembles a periwinkle 
in form. It 1 i ves Ix'tween ti<le- 
marks in bi*ackish or salt 
water, on mud -flats at the 
mouths of rivers in New 
Zealand, and is uscmI as food 
by the natives. It is abundant 
in some plac(‘s, and is a slug- 
gish cre^ature, subsisting upon 
th(‘ vegetabl(‘ matter contained 
in tin'! mud, large, (piantities 
of which it passes through the 
alimentary canal. Professor 
TTutton says that it will live 
for a wee^k or ten days in fresh 
water, and more than a fort- 
night in salt water, without 
being (‘xposed to the air. The 
breathiug-oi‘iflc(‘ is situated on 
the right side of the neck, and 
The shell is solid, globular, with 



11AA18HOUN SNAIL (J*lunui'(jlH COmvUif). 


the radula shows some affinity to that of Phyna, 
a short spire and an oval aperture. The animal is furnished with a thin horny 
subspiral operculum. 


The Htnd-CUlled Grouin— O rder Opisthobuanchiata. 

'J’hc Opisthobranchs form the second of the three main divisions of tlve 
gastroix>ds, and are all marine foims, liaving the sexes united in each individual, 
and breathing chiefly by gills or branchim. This character at once separates them 
from the Pulmonata, and the. different positions of the branchim, and their herma- 
phrodite nature, serve to distinguish them from the Prosobranchia, the third and 
last main branch of the Gastropods. In the Opisthobranchs the branchial veins as 
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well as the auricle arc placed behind the ventricle of the lieart, but in the 
Prosobranchs the branchial system is anterior to the heai*t. The majority of the 
molluscs included in this order are unprovided with a shell in the adult state , 
but there arc some exceptions, such as the shell-bearing Ptcropods, aiul many of 
the Tcctibrancha Th(‘y are generally furnished with a pair of tentacles and labial 
palpi, or an expansion of the skin like the veil of the larval fonii. To compre- 
hend the character of the internal organisation, the above illustration should 
be consulted. It represents a longitudinal section of the animal; is the foot; cf, 
the mouth, covered above with the veil-like expansion, over which are Mic tentacles 
c; V sliows the branchial veins carrying the bloo<l to th<* gills, fi*om which it flows 
into the heart. This position is the opposite of that which characterises the 
Prosobranchs. Another anatomical peculiarity, which here be refei'red to, is 
the direct communication cd' tiic* system ol bl(Kxl-\'eHsels with the surrounding 
medium — a character common to most other molluscs, and on which depends the 


\ 

CTUcrLATioN T.NT Plevn^rrauchvH aurantiacun. 



changeable external appoanince of the individual. In the illustrat’ori of Pleura- 
brav chits, as above, indicat(‘s the opening of a duct which conveys water direct to 
the blood, and through which the blood-vessels permeating the back and f(K)t, like 
the holes in a sponge, can be filled or emptied at the will of the animal. Although 
this, in the main, is the princij^lo of the circulation in most 02)iHthobranchs, 
one branch of the order possesses no sj>ecial breathing-organ, respiration Ixung 
effected through the naked skin of the body. The Opisthobranchia may be 
<livided into three princiiml subordei>j, namely, N udibranchiata, Tecti branch iata, and 
Pteropoda. 


Naked-Gilt.ed Sttbgiioup, — S uborflei’ Nudibranchiata. 

The naked-gilled Gastropods constitute a large ass(anblag(j of extreinely 
beautiful molluscs, of remarkable shape, ami oft(‘n lirilliant coloration. Tin; 
distinguishing characteristic of the tyincal forms consists in the breathing-organs 
being exposed on the back of the animal, and not protected by the mantle. Other 
gmups, however, are classed within this suborder, in wdiich either the pr^sition or 
character of the respiratory organs is different. The gills may be situated on 
each side of the body Ijetwcen the back and the foot, or respiration be effected by 
the ciliated surface of the body. For these and other reasons the Nudibranchs 
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have been arranged in four groups, Anthobranchiata, Inferobranchiata, Poly- 
branchiata, and Pellibranchiata. A fifth group, Parasita, has also been proposed for 
a very curious mollusc (Entoconcha), which lives parasitic within an echinoderm 
{Synapta). Nudibranchs are found in all parts of the world, and are most 
abundant in depths where seaweeds and corallines flourish, although they are also 
found at low water or even between tide -marks. A few species have been 
dredged at great depths. Some even pass their life in the open sea, attached to 
floating seaweeds, or swim about freely like Pteropods or Heteropods. 

The animals belonging to this group are characterised by their 
symmetrical form, and the position of the vent. This is placed upon 
the posterior or central part of the back and surrounded by the branching gills, 
which arc more or less contractile. The body is protected above by a large dorsal 
shield of a spongy texture, and made more or less rigid by calcareous spicules 
which arc embedded in it. The tentacles are dorsal, and retractile tl}rough holes 



Acanthodoris pUosa (magnified). 


ill the mantle some distance from the anterior extremity of the body. They arc 
smooth at the base, but lamcllated towards the tijx The eyes arc minute and 
situated in the skin behind the tentacles. 

D rig Tribe ^ larg(?. number of species from all parts of the world, at one 

time considered forms of the old genus Doris, are now placed in the 
distinct group DoridopHuliV, on account of differences in the oral organs. The 
general aspect of the animals of this family is the same as that of Doris, the gills 
being arranged in a circle around the vent on the posterior part of the back. The 
buccal mass or eating apparatus is small, without jaws or radula, and organised for 
suction. The extensive family DoridUIxv, contains a considerable number of 
genera and subgenera, characterised by differences in tlie branchiie, the relative 
proportion of the mantle in regard to the foot, and variations in the radula and 
jaws The general aspect of the genus Doris is represented by the figure here 
given of Acaniihodoris pilosa. The species are very numerous, and some of them 
are amongst the largest of all Nudibranchs. They are world-wide in their dis- 
tribution, over twenty species occurring in British Seas. When living, they are 
most beautiful objects, and must bo studied in that state, for when dead and 
immersed in spirit, they so contract that their natural form can only be guessed, 
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and all the beautiful and varied colours disappojir. The spawn of Doris and other 
Nudibranchs is deposited in the shape of a gelatinous band, always arranged in a 
more or less spiral form, and fasb^ned by one of its edges to corallines or the 
under sides of stones. The ova are minute and very numei-ous, amounting in S(ime 
species to several thousiinds. Before the period of exclusion, the young may be 
seen revolving on tludr own axis, by means of vibratilo cilia, and on escaping 
from the egg they swim about freely in the water by the same means. The larva 
is extremely minute, an<l has more the aj>pearancc of a wheed-animacule than 
a mollusc. It is enclosed in a transpanuit, ealcai*eous, nautiloitl shell, with an 
operculum. Its structure is verj^ simple, showing no sigiis of the external organs 
that distinguish tlie futui*(* a<lult; the principal portion visible outside tlic shell 
being composed of two Hat discs or lobes, fringed with long cilia, by the motion of 
which it swims fre(‘ly thi'uugli tlie water. Th(‘se are often withdrawn into the 
sh(‘ll, and the op(‘rcuhnn is closed upon them when the animal is at rest. Doris 
mfthiUn, a tine handsome sp(icic‘s having a wide distributiim in the Indian and 
Pacific Ocean, is fully 4 iiiclu'S long ami 2 to in width. It has been obtained at 
the Seychelles, Andamaji, and Samoa Islands. Jiatlii/doris ahj/ssoi’^ioa was dredged 
in the mid-Pacific, at a d(‘pth of two thousand four hundrc'd and twenty-five 
fathoms. It is a large animal, about 5 inches in length, of a nearly spherical form, 
Hubgelatinous, subpellucid, ami gr<'(nish whibs wdth a dark puiple foot. Tlie 
branchiao are non-retractilo, and dis])osi‘d in six g)*ou])s. It forms a remarkable con- 
ii(*cting link b(‘tw(H‘n th(‘ Trif<niii<l(r and the J)<nddiflit:. In the gciiius Hmt- 
bronchus the gills are. arranged in a circle round the vent, and are composed of 
six separate plumes, each of W'hich is retractile within a special cavity of its ow^ii, 
and not within a common cavity as in Doris. The spocit*s are not numerous, 
and have only been met with in warm S(»as, such as tht^ Red Sea, and Indian 
and Pacific Oceans. //. s(nidivivhnisisy a handsome species of a pde crimson tint 
occurring at th(i Samlwich Islands, is nearly G inches in length when alive. 

The family Pohjerridfv is distinguishiMl from the Dorididai by having non - 
retractile gills; the jirincipal gem^ra being Gemifs/oris, Aconihodoids^ Idalia^ 
Ancukty Pahjceni,, Plocorihojfhorns^ Triojsf, and JK(jvrus. Awmla cristoia is an 
elegant little creatun*, about half an inch in h iigth, occuiTing upon most of th<i 
British coasts. It is wdth tln^ pro(M*ssrs tipped with yellow or orange. 

The tentacles are laminated and non-retrmtihs each having two stylifoi'in 
appendag(‘S at the bas(‘. The gills are j)lac<*d in the middle of the back, on each 
side of wdiicli thei-e ar<‘ a few compressed appt*ndfiges. 

This <livision of Nudibranchs was established for a group of 
naked marine molluscs having the gills placed symmetrically along 
each side of the l^jdy between tlu^ margin of the dorsal mantle and the edge of the 
creeping disc. Pliyllidio and Plfot/rophy/lidia are the typical genera originally 
described, and may be regarded as the principal representatives of this group of 
molluscs. One group of Inferobraiichs, howewer, is abnormal in being destitute of 
external branchife. In the g<*nus PhylloHo^ containing sev(iral very liandsonic 
species, the animal is somewdiat depressed, and covered wdth a leathery and sometimes 
tuberculated mantle ; the head is small and concealed betw^een the* foot and back : 
and the two oral tentacles are short, the dorsal pair ix^tractile into cavities towards 
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the anterior end of the body as in Doris. The laminated gills extend the entire 
length on both sidea The vent is dorsal and at the posterior pait of the mantle, 
and the reproductive organs are on the right side. In the disposition of the 
branchia) these animals are very like the chitons and limpeta They are remark- 
able for possessing neither jaws nor radula, the mouth being modified into a sucker, 
as in the Doridoj^sidte. These animals are so apathetic tliat they have never been 
observed to make any movement, but appear as if dead. They are inhabitants of 
tropical seas, the few species that are known occuiring in the Red Sea and the 
Indian and Pacific Oceans. In the allied Pleuropltyllidia the animals have at the 
anterior end a sort of shield above the head. The gills are situated as in 
Phyllidia, but the vent is on the right side. The mouth is provided with two 
strong jaws, and a well-developed radula The dorsal tentacles are small, and 
situated between the mantle (notuiUT^i) and the head-shield, and not passing through 



Ancula crisiata (much enlarged). 


the mantle, as in Doris or Phyllidia. P. lineata, from the Mediterranean, is a 
typical form of this genus. It is about 2 inches in length, of a golden colour, 
with longitudinal parallel whitish lines on the dorsal mantle. 

This division of the Nudibranchs contains some of the most 
’ beautiful species of the entire order ; and includes those forms wdiich 
have the dorsal bmnehial processes arranged along the sides of the lx)dy, and not 
grouped around the vent, as in the Anthobranchiata. They have no spicula 
embedded in the skin. The branchial processes are sometimes simplj^ cylindrical 
or linear, papillose or fusiform, but in other cases conspicuously branched. 
jEolidia is an exam])le of the gi’oup in w hich they are unbranched, and Dendro- 
not as exemplifies those in wdiich the gills are branched. Tefhys, MeliJ)t\ TriUmia^ 
Scyllma, G la tic us, and Doio, are, besides those already mentioned, some of the best 
knowTi genera of tlio Polybranchs. Teihys leporina is a curious-looking animal, 
met with in the Mediterranean. The body is sw^ollen, almost colourless, and trans- 
parent like the gills, contnisting w^onderfully wdth the red-tipped doreal processes 
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and the blackish iiTcguIarly white-edged doi^sal eye-spots. It is vividly phosphor- 
escent in the <lark, and the phosphorescence at once appears if the creature is in 


any way disturbed. ]t is sai<l to be 
livety in its movements, and capable of 
swimming freely in any direction ; but 
has neither Jaws nor radula. Specimens 
are sometimes capture<l 8 inches to a 
foot in length. In the genus TriUrnia 
the brancinje are numerous, and ai’ranged 
in a row along the lateral margins of 
the back. There is a Iarg<.‘ frontal veil 
above tlie mouth as in Tefin/s, and the 
retractile tunbicles arr branched at the 
ends. The horny jaws are large, and 
the radula well dcveloptMl. T. hoinhetyi 
is the largest of the British nudibranchs, 
being sometimes 7 or 8 inches in length. 
It varies in colour from dark purple- 
brown to light 1 ) 1 * 0 wn, flesh-colour, and 
yellowish white. Lkndronotm arhor- 
escens is one of the most b(*autiful of 
the naked Mollusca, the accompanying 
figure giving a good idea of the 
branched character of the gills. It 
will be noticed that they are arranged 
along each side of the tapering body, 
that the head- veil is also branched, and 



Tcthya lepo 



that the laminated 
tentacles arc retractile 
within branched 
sheaths. The back 
is reddish or yellowish 
brown, marbled with 
darker lirown, and 
spotted with white. 
The animal is about 2 
inches in length, and 
has both jaws and 
radula. It is not 
uncommon on most 
parts of the British 
coasts, from low- water 
inaik to deep water, 
and it also ranges 
northward to Grcen- 


I)endr<motu8 ar^oresems (eularged) 


land. It is also re- 
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corded from the Atlantic coasts of North America, north coast of France, and some 
parts of the Baltia The animals belonging to the genus Scylkea live upon floating 
seaweed out on the high seas ; 8. pelagiea being usually found upon the gulfweed 
of the Atlantic, which it resembles in its coloration. The foot is narrow, the sides 
being thin, and capable of clasping the stems of the seaweed. The body is much 
compressed laterally, and produced into two large leaf-like appendages on each side 
of the back, on the inner surface of which the tufted branchial processes are situated ; 
a median supra-caudal crest also bearing branchial filamenta The tentacles are 
slender, laminated, and retractile within long compressed trumpetrshaped sheatha 
The genus contains only a few species, but it has been found in almost every sea. 
Phyllirhde is a genus of Nudibranchiata remarkable for the absence of both foot 
and gilla The body is compressed laterally, and so translucent that all the internal 



PhyllirhGe bucejffiala IN tuk liuut, buowinu inteunal anatomy (greatly magniliud). 

anatomy is visible. These animals are pelagic and eminently phosphorescent. 
Specimens kept in aquaria have been observed to be instantly luminous if 
touched. 

In the jEolidiidoa the body is slug-like and tapering posteriorly. There are two 
labial and two dorsal tentacles, and the dorsal branchial papillae are cylindrical or 
fusiform, and arranged in transverse rows on the sides of the back ; the front of the 
creeping disc is often produced on each side in the form of tentacles ; the horny 
jaws are large, and the radula consists generally of a single series of spinous plates. 
JEolidia papillosn, the largest of the British species, may be found under stones 
between tide-marks on many parts of the coasts. It is brown, grey, or orange, - 
spotted with brown or purple and whitiv, the dorsal tentacles are brown with 
white tips, and the papilla? are speckled with brown or lilac and white, with 
white tips. These molluscs are animal-feeders, partial to sea-anemones. Their 
fecundity is very great, as many as sixty thousand eggs being deposited by a 
single individual at one time. These are enclosed in a perfectly transparent 
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mucus, and the fry generally emerges in about ten days or a fortnight. Like 
Scyllcea, the animals known as Glaiicxis live in the open sea upon floating 
seaweed, and feed upon jell^^-fish of various kinds. The form of the body 
is peculiar, having three lobes or expansions on each side, supporting the linear 
branchiae. Pelagic animals generally seem to be cither colourless or specially 
coloured, with a view to protection from enemies both above and below the surface 



uEolidia papUIosa, 


of the water. Probably tlie blu(,‘ colour of lanihhut is protective, as resembling 
that of the ocean water. The blue tint of GUiua'ils may also serve this purimse. 

This group of Nudibranchs comprises a number of forms which 
have no external branchia;, but cflect respiration througli the general 
ciliated surface of the body. A typical example of this section is illustrated by 
th(j accompanying figure of ElynUt viridLs which is a little creature about an Inch 


FeUiliraiioliiata. 





Klyaia viridis (niagniheil ), 


in length, of a dark gi*een colour, varied with white, greenish blue, and reddisli 
white dots. It lives upon seaweed, and, owing to its colour, is difficult of obser- 
vation. The absence of extenial branchiae is noticeable, and the ramified blfx)d- 
vessels seen in the lateral expansions of the body are presumed to b(i connected 
with the respiratory function. This is the only species found upon the shorcis of 
Britain, and is most common on the south and south-west coasts. It is said to mimic 
the colour of the different seaweeds upon which it occurs. Limapontm is another 
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example of the Pellibranchs. It is slug-like in form, but without any tentaclea 
The species figured {L, capiiata) is a minute animal, about a sixth of an inch in length, 
chiefly of a black colour, but occasionally somewhat transparent and colourless. 
Alder writes that “ this curious little animal is probably pretty generally diffused, 
but on account of its minute size it may readily be overlooked. It is gregarious ; 
and, wherever met with, it has usually been found in abundance, appearing when 
contracted like little black dots scattered over the conferva on which it feeds.’' 



It lives between tide-marks, feeding upon small algie, and deposits its ova in small 
pear-shaped capsules, each containing about one hundred eggs. 

The only form belonging to this group, the position of which is 
not settled, is the parasitic genus Enfov(nicha, The animal is worm- 
like and spirally coiled, and attaches itself by the oral end {a) to one of the 

blood-vessels {E\ within the visceral cavity of a certain group of Echinoderms. 

One species is found in Synapfa, and a second {E. 'nmelleri) occurs in the 
trepang {Holothnria) of the China Sea. In the very earl}^ or larval state Ento- 
concha is contained in a minute operculated glassy shell. The subse(pient changes 
between this and the pei’fect condition have not yet been obst‘rved. It is the 
lowest type of Nudibmnchiata, if indeed it really belongs to that suborder, wliich 
is not absolutely certain, some authors even locating it near Eat lea. Were it not 
for the form of the larva, one would hardly have supposed that this worm-like 
creature belonged to the Mollusca at all. It has neither jaw nor radula, but the 

mouth is adapted for sucking. The sexes, as in the typical Nudibranchs, are 

united in the same individual. The female element (h) is somewhat anterior, the 
male organ (c) being at the opposite extremity. The central portion of the animal 
serves for a certain time as a nuraing-pouch for the embryos, which subsequently 
are extruded at an opening at the posterior end. Onl}^ one out of every hundred 
or two hundred specimens of Synaftta is infested with the Entoconcha, Pelseneer 
locates it next to Eidiina among the Pectinibranchs. 


Covered-Gill Subgroup, — Suborder Tectibranohiata. 

This constitutes the second suborder of Opisthobranchiata, and includes . 
certain molluscs characterised by the possession of a lateral gill, protected by 
the mantle, or a shell. The members of the group are hermaphroilite animals, 
and differ from the Nudibranchs, not only in their respiratory organs, but 
also in the possession of a true mantle, which, in the Nudibranchs, is repre- 
sented by the dorsal shield. On the other hand, they show affinity with certain 
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Nudibrancha in regard to the position of the rhiuophores, the lateral expansions 
of the tody, and the rad u la. Nearly all the Tectibraiichs possess a shell which 
sometimes is wdiolly concealed beneath the mantle, sometimes partly covered, 
and, in many instances, wholly externaL Some are carnivoi’ous, others entirely 
phytophagous or vegetable- 


A a 

feedei’s: they mostly progress / {I ( ^ 

like an ordinary snail by moans // 1 c ^ 

of the foot, but a few of them I / 1 

are fri*e swimmers. The ova / 

are generally d(‘posited in long / /} Ik- ^ ■ i ^ 

ribbons more or less eoil*'d, and j fi / § 

the embryos are provided with / J j 1^ M ''isl 

an opereulated spiral sliell. j [t )• J 

Tectibranehs are classified in a / o t {‘ ’[.'J •• ■ ? 

number of faiiiili<*s, separated j -J} 

from one another by difien^nees j \\. * / ■: 

in tlie gtaiia-al conformation of h ^ f* ' » 

the animals, tlx* shell, and the ^ iV'cPk 

ra<hila. The* following are the ! (TO f ' /d 

more important g(‘nera: — / nS S // ' 

AcUfon, Srapluinder, Bulla, jt:' i 

Arrra, Ai^Ksfrum, Eimjicala, ,> 

(itoif r<tj)fcr(>n,Plt ll incJJoridmTii, I ’ 

Ajdijsia, Lohiffer, Plntro- V ^ 

branch us, Uudrrdla, and the V’^/ ^ 

ahvvnmt Sijdtonarla, Acbvo'U, \ gj. 

of which about thirty species Wy; 

are known, is found in all seas. \ '■• . 'si " ' 

The animals are })rovid(*.d with / I ^ '• I i/ 

a sort of head-vshield, which is \ I ^ 

notched behiml, and have the i 

sessile eyes in front of the notch. y'^»\ /pl'^ ■ t ■ '■' ■■■' ■ :tWi\ 

They all are furnished with an \ ^ 

ovate, often spirally punctate 1 ■■?■■ 7 ''fcl 

shell, which in some cases is 'I'r^ ■'< U i- j 

prettily striped or sj)otted, and is ^ 

Ciipable of riictjiving the entire ^ 

animal wdien contracted. In ^ 

the animal is too 

large to be wholly conbiined * W« w™ 

within the shell, and has 

an enormous head-disc; and the sides of the tody arc profluced into lobes or 
epipodia, which can be partly reflexed over the shell. It has no visible eyes, 
as these would scarcely be of service to an animal which burrows into mud and 
sand in search of its food. Unlike many of the carnivorous Gastropods, wliich 
tore a hole in the victims shell, and suck out the contents. Scaphander bolts 
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S^napfa digitaln, with pauahitic Entocmirha, and middlk 
PORTION .£N LA HOED. 
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its prey whole, shell and all The shell is then broken up by the aid of a very re- 
markable gizzard, and the soft parts digested. This gizzard consists of three strong 
calcareous plates of different size and form, which grind against one another by 

powerful muscles. The shells of Scaphxinder 
are mostly thin, spirally striated, oblong, 
convolute, without any visible spire, having 
the aperture narrow behind, and much wider 
in front. The known species are not 
numerous, and occur chiefly in seas of the 
Northern Hemisphere, but a few have been 
described from other parts of the world. 

OF JUntocwichoL (much magnified). was obtained at the A.ru Xslaiids, 

at a depth of eight hundred fathoms, and 
S. gracilis off the Azores, in one thousand fathoms. By far the largest known 
form is the common British 8. lignarius, which ranges from Fininark to the 
Mediterranean. 

The bubble-shells (Bitllidoi), as this group is popularly called, are something 
like Scaphander in form, but rather rounder and stronger in their stnicture. 
Most of those belonging to the typical genus Bulla are prettily painted with 
blotches, clouds, and dots. The animal is not too large for its shell, has distinct 
eyes, and a different type of radula to that of Scaphander ^ which these molluscs 
resemble in their predatory habits. Another genus is represented in Britain by 





Actra hullata (twice nat. size). 


Accra huUaia, which occurs on oozy ground and mud-flats in many estuaries. It 
also ranges from Finmark to the MeditciTunean ; and is remarkable for its thin, horny, 
convolute shell, with a slit at the suture, through which the animal protrudes a 
long, thread-like mantle -appendage. The side-lobes are largely developed, and 
can be reflexed so as to completely envelop the shell. They are also employed in 
swimming. Another family is represented by Ringicida, all the membei's of 
which are veiy small, not a quarter of an inch in length. The shells are entirely 
white, )nore or less globular, with a pointed spire, and with the aperture — whicli is 
notched in front — to some extent contracted with folds. Tlie channelled character 
of the aperture is rather exceptional, the shells of the Tectibranchs being almost 
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exclusively holostomatoua, that is, with uninterrupted apertures. Gastropteron, 
which typifies another family , is remarkable for the great lateral expansions, or 
epipodia, which are used by the animal in swimming. The gill lies exposed on 
the right side, the head-shield is truncate in front and pointed behind, and the 
mantle terminates behind in a slender, whip-like appendage. At one time this 
mollusc was supposed to be shell -less, but in reality an internal shell does exist; 
but, as it is only liO of an inch in diameter, it may be easily overlooked. G, 
ineckeli, of the Mediterranean, is of a vivid red colour, with 
a few white spots, and a pale or bluish border to the lobes. 

In the Philiti’nhv, as typified hj PhilUie^ the shell is ' -^ry 
thin, and wholly concealed beneath the mantle. In f »nn 
it somewhat resembles PaUa. but has the aperture ]^*-^i*r. 

P. aperta, a very common b*rit]sh species, lives in shallow 
water all round the (!oast, feeding upon foraminifera and 
even small sea-urchins. The aiiimal is white, has a very 
large frontal -shield, but no tentacles or eyes. It is piovi<led, 

as in the case of Sea pkander, with a powerful gizzard. The ova, wdiich are veiy 
numerous, anj deposited in a single s(u*ies, in a long and loosely -twisted cord, 
enclos(‘d within an ovoid, gelatinous eajKSule. 

The sea-hares {Aphjsiidai), so called on account of a slight resemblance to a 
crouching han*, an<l not for their nimbleness of foot, arc elongate creatures, with 
a long neck, distinct head, oral and dorsal tentiicles, and furnished beneath the 
mantle wdth a shelly plate to prot(.ct the branchim. The mouth is provided with 




6BA-HARR, Aplysia (nat. size). 

liomy jaws, and the gizzard is armed with homy spines, wdiich prepare the food 
for digestion. The sides have large thin lobes, which are either folded over the 
back, or used in svrimming. Aplyakt includes both animal- and vegetable-feed(^rs, 
inhabiting shallow w^ater in all parts of the w'orld. In olden time th^re were 
many stories in vogue respecting the poisonous nature of the sea-hare, but it has 
been shown to be harmless. It has the faculty of emitting a nauseous smell ; and 
a beautiful purphi fluid is discharged from glands in tluj edge and inner surface 
of the mantle. The species illustrated {A. depilans) occurs on the coasts of France 
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and in the Mediterranean. It is reddish brown, with irregular and variable 
greyish blotches and spots. It occurs in numbers on the Portuguese coast, 
and in stormy weather is sometimes cast upon the shores in such quantities as to 
be the cause of epidemics, and almost to render it worth while to extract the purple 
for economic purposes. 

Of another family (Oxynoklve), we may take as an example Lolmjer, which 
includes elongate molluscs provided with a thin transparent shell, and having on 
each side of the body two long parapodia, used as fins in swimming. The animal 
has the power of casting ofT these lobes, and probably the posterior end of the 
foot can also be spontaneously detached. Four species have been described from 
the Mediterranean, Ceylon, Guadeloupe, and the Society Islands. Tlioy are 
separable on account of certain differences in the soft-parts, but in a conchological 
point of view they appear to be indistinguishable. In the family Pleurohranch kJ<e, 

the typical genus Pleurohranchics contains a 
number of species from many parts of the 
world, two of which occur on the Biitish 
coast. The one illustrated (P. peroni) is a 
native of tropical seas, and was originally 
obtained from the Mauritius. The body is 
convex, ovate, with the mantle extending 
over the back, and having a free margin at 
the sides. Beneath tliis, on the right side, is 
situated the large branchial plume. The 
head is furnislied with both labial and upper 
tentacles, and at the inner base of the latter 
are situated the eyes, A thin, membranous, 
flat shell is concealed beneath the mantle, 
over the back. P, (oscanias) memhranaccus and P, pliiimda have both been 
found on various parts of the British coast. Both range as far as the Mediter- 
ranean. The spawn of P.jfluimila is deposited in ribbon-like and spirally arranged 
maases,"resembling those of Dons, 

The animal of the genus Umbrelh^y which typifies another family, is very 
large, and canfies upon its back a flat, circular, external shell, recalling the form 
of an umbrella of the Chinese pattern. The gill, as in Pleurobravchus, is on 
the right side, beneath the mantle, and protected by the shell. This unsightly 
creature is remarkable for the enormous development of the foot, which extends 
everywhere beyond the margin of the shell, and practically encloses the head in 
front. One species occurs in the Mediterranean, and three or four others are met 
with in the Indian and Pacific Oceans. The shell of U. indica is sometimes fully 
5 inches in diameter. 

The families Siphonariideti, Gadiv iidfVy and Amp>hiholidaiy already mentioned, 
constituted, until i*ecently, a suboixler of Pulmonata, to which Gray gave the name 
Thalassophila. According to Haller, however, Siphonarut and Gadinui should bt^ 
reganled as modified Opisthobranchiates, and placed next to the UmhrellUlce ; but 
their systematic position ciinnot be considered definitely settled. The Siphonariidw 
look like ordinary limpets, and attach themselves to rocks in the same way at 
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about high-water mark. The sliells are distinguishable by a groove on the right 
side of the inner surface, inteu-upting the muscle by which the animal is attached. 
Siphonaria much resembles AvricitUi as regards the pulmonary cavity, which is 
adapted for breathing air or water, there being both a lung and a modified gilL It 
is, however, protected or closed by a valve-like lobe of the mantle. The horny 
jaw has a smooth and curved cutting edge. Tlie radula consists of a single central 
or rachidian tooth and numerous laterals, very similar in t^’pe t(> that i t* certain 
groups of Pulmoiiata. About fifty species are known. The genus has an extensive 
range from Vancouver Island in tlie north to Cape Horn in tlie south. ( )ne species 
occurs on the coast of Portugah but the majority inlnibit e;,stem seas. In (indinia 
the breathing-chamber is without any sign of branchiee. ft is a limj^et-like animal 
witli a circular foot by whirli it attaches itself to \ or stones, in the same 
manner as limpets. Jt is probably a poor traveller. The pulmonary orifice is 
placed on the right sid(‘ near tlu^ head, and is closed by a small valve. The head 
is large, without tentacles, with the sessile (‘y(‘H placed at the sid(*s. Mr. Dali, wdio 
watched a oniony of (i\ irikuhiia, notic(‘d that “as long as the rock on which they 
were remaintMl damp, tiny continue<l wdth thti margin of th(i sludl firmly applied 
to it. As soon as the boulder becanu*. dry, umler the hot sun, I pei*ceived a simul- 
taneous motion in the colony. Each shell w'as raised above the surface of the 
stone, the lu'ad and foot were protruded, aibl tlu^ orifice of the pulmonaiy cavity 
was expanded. They were evidently enjoying the warm air.” 

Subord(ir Pteropoda. 

Until within the last lew years, the molluscs included in this suborder wcjro 
considered to constitute a separate class. Some systematists located the group 
near the Ci^phalopoda, others, believing them to be of a more degraded type than 
thtj Gastropofla, assigned them a positioji bittwoen that class and the bivalved 
Mollusca. Dr. Mdivli and others, long ago pointed out the aflinity of the 
Pteropods with the (.)pisthol)ranchs, and Dr. lVls(uieer has come to the con- 
clusion that these molluscs should be included in two of the Tecti bran chi ate 
groups of the ()pisiho})ranchs. The Pter(;]*ods seldom come near laml, exc(‘pt 
when driven by currents and tempests, and although they rise to the surface 
principally at night, they have been observ(*d during the daytime. They are 
characterised by two delicate fins or lat(ual expansions of the foot (jmrajHMl id), 
placed at the anterior end of the animal, and useil in swumming, being moved with 
considerable rapidity, like the wings of a butferfly. When they wish to sink, 
their fins are contracted, and the anterior part of the In^fly, in some cases, is more 
or less withdrawn into the shell or the mantle, and tiny thus fall to the depth 
desired. At times they remain stationary, by keeping the fins merely extemled. 
Some — Clio, Pneumodennu, for example — adhere to floating Ixidies by means of 
oral appendages provided with suckers, others by means of a sufficiently developed 
foot. The fins, termed epipodia by Huxley, are sometimes united, forming a single 
disc, sometimes partly connecte<l, or, finally, entirely separated. The Pteropods 
are hermaphrodite, or have the sexes united in each individual. They deposit their 
ova in the form of long bands which float on the surface of the sea. They are 
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carnivorous in their habits, and live upon minute animals which abound in the sea, 
including small Mollusca, and Entomostraca and other Crustacea. Some of them 
possess prehensile organs for seizing their prey, but many appear to be totally 
unprovided with any special appendages for this purpose. In the early stages 
of development a shell always exists, but when adult, only certain forms are 
furnished with such protective covering, the others being naked molluscs. They 
possess a lieart, consisting of auricle and ventricle, enclosed within a pericardium. 
The branchim are cither internal or external. The head, distinct in some groups, 
and furnished with one or two pairs of tentacles, is practically wanting in others, 
and reduced to a mere mouth at the base of the fins. Nearly all the various forms 
have a radula, and some homy jaws. There are no eyes, or these are only repre- 
sented by minute pigment dots upon the visceral sac, or on the tentacles. The 
fry of the Pteropods closely resembles that of ordinary Gastropods; but sub- 
sequently the frontal veil of the Pteropod disappears, and is replaced by the 
parapodia or permanent fins. 

The number of species of this group is inconsiderable, and may be estimated 
at about fifty-four; but, as regards individuals, the numbers are inconceivable. 
The bottom of the sea in various parts of the Gulf of Mexico, the Bay of Biscay, 
and the Mediterranean, is paved with an accumulation of the dead shells of 
Cavolinia, Cleodora, and other forms. Their tiny forms occur in shoals in the 
tropics, an<l in more temperate seas, and, even in Arctic latitud(js, they exist in 
such myriads as to discolour the water for considerable distances. They there 
form a large item in the diet of the Grecailand whale. Some of the specif;s have a 
wide distribution, occurring in the Atlantic, Pacific, and Indian Oceans, othera are 
more localised. 

The Pteropoda arc divided into two sections, namely, Gymnoso- 
QyxmiOBOxnata. ^ «/ » •/ 

mata and Thecosomata. The animals belonging to the former grou]> 

have no mantle or shell in the adult state. The body is generally elongate, the head 
distinct, and furnished with two pairs of tentacles, the posterior bearing rudimentary 
eyes. The swimming-lobes are attached to the sides of the neck, which is somewhat 
narrowed and consti’icted. The breathing-organ is external, lateral, or at the 
posterior end of the body. The foot is rudimentary and ventral. The radula is 
composed of numerous rows of teeth as in some of the Nudibranchs. The young 
at first are contained in a minute straight shell, and swim by means of a ciliated 
frontal veil {vdum). Subse(iuently these structures disappear, and the larva pro- 
gresses by means of circles of cilia which surround the body at intervals. In the 
final metamorpliosis, the cilia disappear, the parapodia are developed, and the animal 
assumes the adult condition. The gymnosomatous Pteropoda are only few in number 
of species, but, like the rest of the gi*oup, occur sometimes in enormous numlxirs, and 
are very widely distributed. All arc small creatures, the largest not exceeding an 
inch and a half in length ; they are carnivorous, and often, it is said, feed upon 
their shell-bearing relatives. The position assumed by the Gymnosomata when 
swimming is vertical, with the head uppermost, or else slightly sloping. 

The Gymnosomata are arranged in five families, comprising only seven genera, 
namely, De.v ioh mnehoia, Sjyong iobra nchwa, Fn eumod ermay Clionops is, Noto~ 
h^nchmtX-l ionc, and Hidopsgclie. Dr. Polseneer locates them next to the Aply8iid(B. 
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The forms belonging to this section of Pteropoda are cliaracterised 
TheooBomata. presence of a delicate external shell, by the foot being repre- 

sented only by the two anterior symmetrical fins, by the existence of a mantle, 
by the absence of eyes, and (except in a 
few cases) of a gill. The head is indistinct 
and furnished with a single pair of 
tentacles. The mouth is unprovided with 
hook-sacs, as in the Gymnosoinata. The 
radula has only a single lateral tooth on 
each side, with a small basal piece. The 
Thecosoinata are divided into the three 
families, Li mdciv idiv, Ct/inlm/ lidiv, and 
Cuvoli n i kUv. 

The members of thi' famil\ Lima- 
ciniihv possess «‘i. small sinistrallx coiled 
shell, providcMl with a d<‘licait‘ glassy 
ojxn-culum, which is attached to the 
])osterior Jobe of the foot. The animal 
can withdiaw comjdetely within the 
sla‘ll, which, when the animal is swim- 
ming, has a latej'al position, or possibly 
rests with tie* s])in‘ inclining somc'what 
downwards. Two g(*nej*a are incliidt'd 
in this family, namely, Jjihuo'iiuf, an<l 
Pcraclis, In Jji m<(citai, of which t(*n 
species are known, tluj sludl is i*ath(M’ lativa of P 7 a;/<wk)r/f?mr/, (niafiiiiliod). 

gl(d)ose, umbilicat<‘d, with a short spij*(‘, 

ami the a]unture somewhat prolonged at the base. Th(‘, lip of the aperture is 
sirnphi, but the columella is ndlexed. Tlui fins of L. helicina ani broad and 
s(juarish at tlH‘ ends ami notched on tlH^ inner edge. The operculum is oblong, 
traiispaivnt, imucisjiiral, the nucleus being latei’al. This 
mollusc lives in imm< nso shoals in the Greenland seas, and 
it is one of those i'M upon by various whalebone whales. 
Two species only are known of Prrarlis, TIk; shells are 
(‘xcessively fragile, sinislral, rather like a fr(*sh-water Pln/m 
in shape, but having tle‘ apf‘rture produced })elow into an 
acute rostrum. The animal has a minute glassy operculum, 
and differs from Liimtcinff in having a distinct head, pro- 
longed into a proboscis, and other anatomical characters. 
]5oth forms occur in the Atlantic, but 1\ reticulata is also 
known fjom the Pacific and the Mediterranean. 

The molluscs of the family CavoUiiiida} have external, 
Chonc (somewhat enlarged), semi-ti anspareiit shells, wliicli are non-operculat(s bilaterally 
symmetrical, and not spii*ally coiled. They are varialde in 
form in the different g(aiera. The animals are completely retractile within the 
shell, and the form of the fins and of the hinder lobe of the foot varies consider- 
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ably. The mouth, lips, and tentacles are the same as in Liniacina. Three genera 
are comprised in tliis family, namely, Clio, Ouviemna, and Cavolinia. Clio 
is subdivided by Dr. Pelseneer into four groups, Cremis, Hyalocylix, Slyliola, and 
Clio. In Creseis the shell is elongated conical, circular in section, smooth, and the 
embryonic portion marked off by a deep constriction. The shell of Hyalocylix 
is elongate, conical, oval in section, with a recurved apex, and marked with trans- 
verse grooves and ridgea H. striata, tlie only known species of this genus, is 
cosmopolitan. Styliola has a slender tapering shell, sometimes an inch in length, 
and not more than a sixteenth of an inch in diameter at the aperture. It appears 
quite smootli and glossy, and, like Hyahxtylix, occurs in all tropical seas. Clio is 

or\o of the most beautiful of all Ptcropoda 

The shell is often rather triangular in shape, 
- keeled along the sides, the latei*al angles 
% being sometimes produced into long, straight, 
MT' sharp spines. It is of a most delicate glassy 

substance, and highly glossy. The so-called 
'•‘fy genus Balanimniii^ synonymous with this 

. group. Eight species are recognisable. The 

s ^ genus commonly known as Cavieria contains 
^ only a single species (C. columnella), which 

has been obtained in the Atlantic, Indian, 
- ^ ^ ^ Pacific Oceans. It is glassy, excessively 

thin, somewhat cylindrical, but produced 
posteriorly to an acute point. This narrowed 
Cavolinia truicntata. portion is gc^nerally wanting in adult shells. 

In the soft-parts it closely resembles Clio, 
and it is chiefly on conchological grounds that it is S(^parated. The genus Cavolinia 
is perhaps the commonest of all. The shell is generally pale horny brown, often 
globose, composed of a ventral and dorsal plate, which arc united iiiferiorly, but 
not along the sides or above. The dorsal piece is flattish, and the ventral generally 
very glol)Ose. The shell is produced into a spine behind, and the 
sides generally terminate posteriorly in sharp points or spines. 

The animal somewhat rc^sembles Clio in its external characters, j 

but is remarkable for the presence of lateral prolongations of the ' V T' ^ ^ ^ ' 
mantle, which project through the lateral slits in the shell. A j, 
Eight species are recognised by Dr. Pelseneer. C. iridenfata, C. ^ ' 

uncinata, C. glohosa, and C. trispinosa are the best known. 

In the family Cymhuliidoi the shell is very different from Cavolinia 

that of other Thecosomata. It is cartilaginous or gelatinous, gihhosa. 

bilaterally symmetrical, and somewhat resembles a slipper in 
general form. It is very easily detachable from the animal, and consequently a* 
number of species, which in reality belong to this family, have l>een characterised 
as shell-less. Pointed at the ventral extremity and truncated at the dorsal 
end, it is covered with acute spine-like tubercles aiTanged in longitudinal seriea 
The modified foot, or fins, are large and rounded. The animal is furnished with 
a radula. Of Cynibidia, two species are known. C. peroni is common in the 
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Mediterranean, and it probably also occurs in the Atlantic. The second species, of 
which only the shell is known, wras found in New Zealand. Cymbuliopaiti and 
Gleba are the two remaining 
genera of this family. 

Front - Gilled Group, — 

Order Prosojjranchiata. 

The Prosobranchs, which 
include the majority of 
marine gastropods and a 
few groups of terrestrial 
forms, are always contained 
within or protected by a 
shell, and organised for 
crawding. The 1 )rancl 1 i al 
or pulmonary cavity is in 
advance of the heart, and 
the auricle of the latter in front of the ventricle. This important anatomical 
character, which is expressed or refen tid to in the t(‘nn Prosobranchiata, can best 

1m undtu'stood by observing the acconipany- 
ing figure representing the male of one of 
tlu‘. poriwdnklcs {Litforina). Hero the 
r(‘spiratory organs are lodged in a chamber 
formed by the mantle behind the head ; the 
gills arc variable in the different suborders. 
In some forms, with nonspiral shells, they 
are double and symmetrical, but in others, 
and these are the majority, where the shell 
asKumrs a spiral form, the gill is usually 
single. Some of the Prosobranchs have 
horny Jaws, but others are without ; most 
are furnislied with a radula, but this is 
sometiiiH's absent. Characters diTived from 
this organ havc^ been larg(ily employed in 
the class! tieations of the suborders. The 
sexes are f^r]>arate ; the head is distinct, and 
furnished w ith a pair of ttuitacles, sometimes 
having the eyes at the ends, but mostly at or 

ANIMAL OP MALE TEuiwiNKLE, WITH THE SHELL tlieii* busc. An op(;rculum, which is 

REMOVED. unknown among the Opisthobranchs and 

o, Mouth ; ft, Sexual organ ; r, Reflexed mantle ; Pulmonates, CXCOpt ill the Case of Amphibola, 

h, Heart ; w, Shell-muscle ; p, Foot. developed in the iTiajonty of Prosobranchs, 

but the number of genera in which this 
appendage is absent is considerable. It aasumes very different forms, and its size is 
verj’' variable in proportion to the dimension of the aperture of the shell. In some 
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genera it is as large as the aperture of the shell {Amjndlariay Natica, Bithynia), 
while in others it only partly closes it ; and in other cases it is so small as to be of 
no use for closing the shell. It is mostly homy, but in a few instances is more or 
less thickened and strengthened with a shelly or calcareous layer. The homy 
opercula are mostly flattened, but in a few cases are thickened, or conical (Torinia, 
C(elopoimt). The shells of Prosobranchs comprise some of the most beautiful, and 
most prized by colh‘ctors. The order may be separated into three main divisions, 
namely, Pectinibranchiata, Hetcropoda or Nucleobranchiata, and Scutibranchiata, 
severally characterised by differences, as the names imply, in the breathing-organ, 
coupled with other characters in connection with the genital organs, radula, etc. 

Suborder Pectinibranchiata. 

The molluscs included in this suborder have the body twisted, and contained 
in a spirally-coiled shell. They are chiefly aquatic, and mostly marine, but a few 
families are strictly terrestrial. The gills are comb-like, that is, consist of jdates 
arranged side by side and attached to a common stem, like the teeth of a comb to 
the thickened back. They are situated in a vaulted chamber, formed by the mantle 
over the neck, which is open in front for the admission of air or water. The 
Pectinibranchs have been subdivided into several sections, foumh'd ii[)on modifica- 
tions of the radula or lingual ribbon. The following are the most imporiant in 
the arrangement adopted by Paul Fischer, namely, Toxoglossa, Rhachiglossa, 
Taenioglossa, Ptenoglossa, and G}unnoglossa. A large proj^ortion of the Pectini- 
bmnehs are fui’iiished with a long pi‘olK)scis, extensile and rt*ti’actile at the will 
of the animal. In almost every instance, molluscs of this proboscis-bearing group 
are provided with shells which may be recognised by a notch or canal at the front 
of the aperture, through which the so-called siphon is pr()trude<l. This consists of 
a more or less elongate fold of the mantle, and convi^ys the water to the branchim. 
In another large section of the Pectinibranchs — Rostrifera — there is no extensile 
proboscis, but the head terminates in a more or less prolonged snout which is not 
retractile, and is termed the rostrum. These two gi*oups, however, are now 
abandoned on the ground that better characters are furnished by the radula. 

SECTION TOXOGLOSSA, 

In this group, including the families Conidm, Terehrida^ Pleurotomid(e, and 
Cancell<iriid<t?y the radula is composed of two rows of long, barbed, marginal teeth. 
The cones (Conidai) form an extensive family, containing about five hundred and 
fifty species. They have always been great favourites with collectors, on account 
of the great beauty and variety of the colour-markings, and are almost exclusively 
tropical, only a few species ranging northward to the Meditemincan and Japan.. 
Some of them have a very wide distribution, being found in the Red Sea, Indian 
Ocean, and in various parts of the Pacific. Others, on the contrary, have an 
equally limited range. These animals are all predaceous, having a short strong 
foot, trunciite or square in front, and pierced with a water-bearing pore at the 
anterior part. The head has two slender tentacles, with the eyes on the outside 
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near the middle. The siphon is long, and pn)tnided tlirougli the notch at the 
anterior or narrow end of the shell. They are not very active creatures, but crawl 
about slowly in holes in the rocks, or fissures of coral-reefs, in depths ranging from 
low-water mark to thirty or foi’ty fathonia The shells are generally sti-ong and 
solid, and as tlie animal grows and requires mon' room, it absorbs the early A\’ho)*Is, 
leaving only a very thin jiartition between them; but, in order to pri^serve tlie 
proper weight of tin; shell, it thickens up the spire within. All the species are 
formed on one plan, but the exti^cmes vary considerably in form. This variation, 
difference of sculpture, periostracum, and colour, constitute the characters upon 
which the species are founded. 

which is found 'in tlie West ^ 

Indies, is, besides ]>eing rare, i 

remarkable fur the vai ia lion ^ 

of its colour- mai kings. C. 

C. 'ijohilis^ an<l (Ze/e.s.sr/7/, 

ai'e some of tin* most highly ^ ~ 

tiHiasured, but the eelelirativl "i ^ 

C, (/loria-^iiiaris, from the textilkconk, Co?ius icMe {imL aiza), 

Molucca and rhili])pine 

Islands, of whicli only about a dozen speciimms are known, is still considered the 
finest shell of all, and a full-gi’own specimen in good condition w^ould pi*obably now 
realise alxmt foi-ty or fifty pounds. Soim^ such as (I hefnliiruH and (\ ffirratevsin, 
are (*xtremely solid, but a few, (\ f/mfjraphiis an<l 6'. iulijHt, are very thin. It has 
bciui asserted that certain sj)(*ci(‘S have no operculum, but this is now believed to 
be incorrect. This structure is small, horny, narrow, and, being much smaller than 
th(i aperture of the shell, in no way serves the purpose of deft*nco. A large number 
of fossil species have Ijeen described from the TeHiary formations. Some, instances 
are on record of jiersons having b(‘en bitten by com^s wdum handling them, and it 
is said that the, hito, to scjine exbmt, is ])oisMnrms, but wh(‘tb(T this character is 
peculiar to a few, or common to all the specie's, w<.‘ have no means of knowing. 

The auger-sliells, T/ur/>/* /dec, have a very diflhrent appearance? to the cones, and 
conchologically do not exhiliit any particularly close rehitiejiisliip : althougli the 
characters of the dentition certainly indicate lln-ir a])proximation. The molluscs 
of this family have a small h(*ad with two small eylin<lrical tentachis, wdth niinutei 
eyes at the tips. The f(K)t is small, rounded in front, and elongate behind, and 
supports a small, oval, horny operculum, w'ith an ajiictal nucleus. AlK)ut two 
hundred and thirty species have been describe*!. They alK)un<l in tropical regions, 
but a few occur in more temperate localities, such as Japan, California, and New 
Zealand. Some of the shells are so solid (Tf'rf'Jmt nuimlaiti), an*l others so 
extremely elongated (T. etc.), that it woul*l appear imjiosHible for the 

animals to carry them erect. Probably, in these instances, the shells are dragged 
along resting upon the surface of the sand. They are all elongate in form, with 
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a small aperture, notched in front for the passage of the siphon. The whorls are 
flat and generally divided below the suture by a spiral furrow. They are 
longitudinally fluted, smooth or noduled, and it is upon these differences in 
sculpture that the various subgenera are founded. 

The third family — PleurotomidcB — contains an enormous number of species, 
certainly more than a thousand having been described. They are mostly small, 
and show great variety in form. The species of the typical genus Pleurotoma are 
spindle-shaped, that is, have a long tapering spire at one end, and a prolonged 
beak or canal at the other, and the outer lip has a distinct slit somewhat below 
the suture. In Surcwla and DrilVkt the slit or notch is at the suture, in Bela it is 
indistinct. Some fonns, ClavatvZa and Puaiondla, have a semi-ovate operculum, 
with the nucleus lateral ; in Pleurotoma, Drillia, etc., it is ovate-pyriform, with a 
terminal nucleus ; whilst in Ma7igilia, Cythara, etc., it is altogether absent. 
Columbarium, containing only a few species, is remarkable for the great length 
of the anterior canal, and the spine-like ornamentation of the whorls. C. pago- 
doides, dredged off Sydney in four hundred and ten fathoms, is one of the most 
beautiful of all the family. All degrees in the length of the canal are observable, 
until we find it reduced to a mere notch at the base of the aperture. Pleuroto- 
midai exist in every sea, but certain groups are more characteristic of cold and 
temperate climatea Bela, for instance, may be regarded as a representative 
northern genus ; whereas, on the other hand, Cythara and P twioiiella are tropical. 
They are generally rare in individuals, although numerous in speciea They occur 
at all depths, from low-water mark to two thousand or more fathoms ; indeed, a 
very delicate form, about an inch in length, — Claihurella monoceros, — was dredged 
in mid- Atlantic, to the south-west of Sierra Leone, in two thousand five hundred 
fathoma The extinct forms of this family, occurring chiefly in the Tertiary 
deposits, are perhaps as numerous as those now living. 

In the family Cancellariidce the proboscis is small or rudimentar}^, the foot 
Hinall, the siphon very short, while the eyes are placed at the outer base of the 
tentacles ; the operculum being wanting. The Cancellarias have very beautiful 
shells, gencmlly elegantly sculptured with longitudinal and spiral ridges, producing 
a cancellated surface. The forms are variable ; some are oval, others turreted, and 
the most remarkable of all (Gan cellar ia trigonostoma) has the spire drawn out 
like a cork-screw. A constant feature in this family consists of three or four folds, 
plaits, or plica3 upon the columella. A few of the species are common, but many 
are extremely rare. About a hundred different forms are known. They are 
mostly tropical, but the genus Admete has a more northern range, extending as 
far as Greenland. They are usually obtained in shallow water, but a few specimens 
have been dredged at a depth of nearly seven hundred fathoms. 

SECTION RHACHIGLOSSA 

This group of Pectinibranchs includes a large number of genera and species 
superficially very different. They are all marine gastropods, with a well-developed 
extensile proboscis, sometimes as long as, or even longer than the body. The 
radula is genemlly long, narrow, and armed with three teeth in a transverse row, 
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one central or rliachidian, and one lateral on each side ; the latter, however, are 
wanting in certain groups. The respiratory siphon is rather long, fitting into the 
anterior canal or notch of the aperture. The eggs of these molluscs are deposited in 
strong leathery capsules, each ctipsule often containing a large number of ova. The 
genua Yeius, however, which is viviparous, produces a comparatively small number 
of young. All have shells, which in nearly all cases are capable of sheltering the 
entire animal. The principal families in this group are the OlividiHj Haiyidm^ 
Marg inellidai, Vohifidwj Mitridai^ Fasciolari idtv, Tiirb indlidWy Biicc inidcCy 
NassidxiBy CtdiimbeUhdihy Muriaidaiy and CoroUio}>huid(v, 

The Olives {(Mvida:) are mostly cylindrictd shelVj, often beautifully orna- 
mented wdth markings of vaiious patterns, and always having a highly glossy or 
enamelled appeai*ance. The aperture is narrow ot :.(jtched in front, and the 
columella is not strongly plaited as in some of the families which follow 
(Margindliditi), but there 
are numerous, slight, 
oblique folds, Hom(‘ of 
which pass round the base 
or anterior part of the 
shell, which is thus marked 
off from the )*(‘st of the 
surface into a distiiictan^a. 

The animal has a very 
large foot, ctipable of 
covering the shell to a 
great extent, jtointed 
behind, and with its anterior portion (progodivm) divided into two lolies. The 
head is small, with pointed, slender tentacles, and the eyes about inidway along 
their outer sides. The mantle is produced in front into a slender appendage, 
which protrudes with the breatliing- siphon through the notch of the aperture ; 
pjsteriorly it terminates in a thread-like ju-ocess, which passes up the channelled 
suture of the spire. There is no ojierculum. The olives are very active, and burrow 
in the sand in search of bivalves ; and ar(* sometimes sc(‘n in countless numbers, 
the sands at low tide for miles b(iing covennl with them. Although about one 
hundred and fifty to two hundred sj)ecies, mostly tropical, have been d(‘scribed, 
a few extend to mova temp(;rato seas as far la^rth as Japan, and southward to 
Patagonia. The olives arc fr(!(jucntly used in the manufacture of shell-OTnanjents. 
The genus Olivelki difh.Ts from the typical 01 nit in having neither tentacles nor 
eyes, and the spire of the shell is longer and iiiori^ ]X)inted. Ancilldy another 
important genus, cennprises a number of polished species, which are nearly always 
of a uniform white, yellow, fawn, brown, or reddish colour, and without the 
markings of the olives. 

The family Harpidca contains but a single genus, the well-known harp-shells 
(Harpa), These are strong, broad, vcntricose structures, highly coloured, and 
adorned with numerous curved ribs, running parallel with the outer lip of the 
aperture. The columellar margin is smooth, and covered with a thin brilliant 
callus. The animal has an enormous foot, which is not wholly retractile within 
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the shell; and when disturbed it not unfrequently casts off the hinder part. 
About ten species are recognisable. They occur in the Red Sea, many parts of 
the Indian Ocean, Philippine Islands, South Sea Islands, Panama, and on the 
west coast of Africa and at Ascension Island. The members of the family 
Marginellidm are mostly small, some very minute, but many of them have 
very beautifully coloured and highly polished sheila Nearly all are tropical, and 
many of the finest and most valued are inhabitants of the West and South 
African coasts. They are mostly ovoid, or subconoidal in form, with rather con- 
tracted apertures, slightly notched in front ; the outer lip is involute and thickened, 
and the columella has a few oblique plaits upon the lower or anterior portion. 
There is no operculum ; and, as in the majority of the volutes, the radula has only a 
central row of teeth. In Pseudomarginella, from Goroe, on the west coast of 
Africa, the shell is identical in every respect witli MargivMa glahcUn of the 
same locality, but the mollusc and its operculum are said to belong to the Uuccinidm. 

Nearly all the species of the family Volutid-oi have large showy shells, and 
some of them, on account of their extreme beauty and rarity, realise very high 
prices. As in the Marginellidce, the columella exhibits a number of oblique folds, 
but the aperture is rather more deeply notched in front for the passage of the 
siphon. Tlie form of the shell is variable; in some the spire being very short, 
and scarcely rising above the last or body- whorl ; while in others {Zidmia) it is 
drawn out into a conical spire. The apex is sometimes (as in YctvAi) enormous, 
and all intermediate sizes occur until we come to Volutilithes, in which it is quite 
small. This latter genus — a very common Eocene fossil of the London and Paris 
l)asins — has very feeble columellar plaits, and is now iH^presented by a single species 
obtfiined in one hundred to one hundred and fifty fathoms off the Cape of Good Hope. 
The animals of the volutes are large, sometimes incapable of witlnlrawing entirely 
within the shell, and mostly without an operculum. The radula usually has only a 
single row of teeth, but, in a few instances, a lateral on each side is present. The 
Yetu^ shells are large, thin, with enormous apertures, having three or four strong, 
obli(iuc plaits on the columella. They arc found on the west coast of Africa, in the 
Indian and Pacific Oceans, and also off the Philippine Islands. Y, proboscidali^ is 
viviparous, and produces four or five young at a time, alx)ut an inch long. The 
flesh of this enormous animal is said to be eaten, after being dried in the sun, by the 
natives of Senegal. As an example of the genus Voliita, we may mention the hand- 
some West Indian V, inn^ica, popularly known as the music-shell, from the colour- 
markings, which resemble the lines and notes of music. It is one of the few forms 
provided with a small horny opei’culum, and on this account has been placed in a 
distinct genus by some writers. Like the rest of the true volutes, 

it is oviparous. The allied genus Volntomitra, as the name implies, has affinities 
both with Valuta and Mitm \ the shell and animal being for the most part 
mitroid, but the tongue I’esembling that of the volutes. It may therefore be - 
regarded as a link between the two families. Three or four species arc known, 
one from the shores of Greenland, and two or three from Tasmania and Kerguelen 
Island. The largest meml)or of the Vohdidi^ (Cywhium hroderipi), which is 
found at the Philippine Islands, sometimes attains a length of 14 inches and 30 
in circumfei’ence. Rather more than a hundred species of this family arc known. 
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The gorgeously-coloured mitre-shells {MitrUla;) always luive been and still remain 
a favourite group with collectors. Like the Marginellas, they have no operculum, 
and arc small in comparison with the volutes, but they equal if not surpass them 
in the beauty of tlicir colour-markings and surface sculpture. The columellar lip 
is always plaited, the hinder plaits being the strongest. A remarkable feature of 
the genus, at all events in some instances, is the enoi*mous length of the proboscis, 
which seems to be out of all propoi*tion to the animnl. The tongue of the mitras 
has three rows of teeth, all sen'ated in some species, but in others, witii the two 
latiU'als simple, and of a somewhat ditierent type. The common Mitra cjitscopalis, 
a striking, scarlet-spotted, heavy shell, is abundant at the Philippine Islands, and 
occui’s in Ceylon and in Polynesia. The animal is sluggi.sh in its movements, and 
buries itself in iht^ saml wh(‘ii tlie tide recedes. Themi^wc with simple lateral teeth 
ai’e mostly ornament* d with longitudinal ribs or plicae, and constitute the group 
Turris, Some fr(‘qiu^nt coral-ret;fs, and others are found, often in considerable 
numbers, cra wling upon t he sands in sheltered and shallow bays. Over five hundred 
species of MUruht are known. Tln^y abound in the islands of th(^ Indian and Pacific 
Oceans, and seem to b(i scarcer on the shori‘S of the gre^at continents. They arc 
not very numerous in the Atlantic, and even the tropical islands of the West Indies 
pnKluce but an insigniticant number, of unattractive foj'in. Mitra zoiiata, found 
in deepish watc*r off* Italy and in a few otlua* parts of tlui M(;diterranean, is a 
fine specie's, an<l one, of the rarest of the family. A few species of Mitvidiv, range as 
far north as Jnpan, and of hoi’s occur at the Ca])e of Cckx! Hope and New Zealand. 

Tile tulip-sh<‘lls, forming tliii family Fifsciidnr! Ida, ai*e mostly fusiform (spindle- 
shaped), some having V(‘ry long spires and anb'rior canals. 'I1iey never have a 
thickened lip to the apei’ture, which is often grooved and striatc'd within. The 
typical genus Ptsrlohf ria and also Latirus exhibit obli(juc folds on the columella, 
a feature absent in th(‘ sleiidei’ Fa,su^, All are funiished with a horny operculum. 
The radula has three rows of serrated teeth, the central tooth bidng narrow, and 
theJatcirals broa*!. Faselolarui <ji(janiea, from the coast of South Carolina, is oiui of 
the lai’gest gastropods, utbiining a length of 2 feet. In LrnrozfHriay a groiqi of the 
genus Latlrn>i, the outer lip of the shell has a more or less prominent spine-like tooth 
in front. In h. d mfulnia, from Panama, it is soimitlmes five-eighths of an inch in 
length, and although it fippears as if it would Ixi a hindrance to the animal when 
crawling, it doubth^ss s(*i v('s some purpose in its (economy. The alli<.‘d family of 
the chank-shells {TnrhinrUidid is not numerous in speci(;s, but contains sev(*ral 
large and interesting forms. 1'h(^y are groupe*j (ogc'tlu'r, on account of a similai-ity 
in dentition. The radula has thnjo rows of b'cifi. the. central tooth being nearly 
always threc-pronged, and the lati^rals g(mcrally aniied with a single or two 
unequal cusps. Tlu‘ typical species of TarhinMa have \ cry solid, hc^avy, pear-shaped 
shells, covered with a thick, fibrous periostracum, and exhibit a f(^w strong obli*jue 
folds on the columella. The T. HcolyrniiH, a West Indian form, is sometimes 18 
inches long. In In<lia, Tarhinella is largely used in the manufacture of carved 
bracelets, anklets, necklaces, and other ornaments. They are known under the 
name of chank-shells, and a fishery is carried on in the Gulf of Manaar. Occa- 
sionally sinistral examples are obtained, considered sacred by the Hindus, and also 
valued by the Buddhist priests of Ceylon and China. In Cyvodonta, another group 
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of Twhinellidoe, the shells are compact and very strong, tuberculous or spiny, 
with short spires, and the anterior canal considerably shorter than in Turbinella. 
The aperture is armed with a few folds on the middle of the columella, and is closed 
by a thick and somewhat twisted operculum. The eight known species are dis- 
tributed over the Red Sea, Philippine Islands, Polynesia, Pacific coast of Central 
America, and the West Indies. Fulgwr and Melongena both include large striking 
shells from the United States and West Indies ; and Sycoty^m^ canal also 
from the States, is remarkable for the deeply channelled suture separating the 
whorls. Tlie egg-capsules are very curious, consisting of a long string of round 
discs, about the size of a shilling, but somewhat thicker, attached to the cord by 
one edge. Each capsule contains a number of eggs, and the young eat their way 
out at a spot opposite the points of attachment. Semifusiifi colossens is one of the 
largest living gastropods, attaining a length of alx)ut 14 inches. It is an 
inhabitant of the Indian Ocean, and also occui’s at the Philippine Islands. Another 
giant is the well-known Fuaus j^Tohoscidifcr'iia, of which tlie broadly fusiform shell 
sometimes attains a length of 2 feet. It is found on the west and north-west coast 
of Australia, and on account of the peculiar nucleus of the spire has bo(ui placed 
in a separate genus, Megalatractua. The egg-capsules form a cylindrical mass 
marked with a dozen longitudinal equidistant ridges, and divitled off into compart- 
ments, each compartmcTit containing from twenty to thii*ty young. When they quit 
the egg-case, they are about an inch in length, and bear no resemblance to the full- 
growm shell. 

Tlie wlielks form the characteristic group of tlie family Buccinidw, which 
also includes a considerable number of other genera, and numerous species. 

The animals usually have a long siphon and a largo 
^ ^ y -N foot, more or less sejuare in front and somewhat pointed 

vVWW\r' I head is provided with a pair of tentacles 

\1 ^ ^ ]/ which support the eyes on the outsidtJ. The lingual 

h ribbon is well-developed, with three row’s of pronged 

teeth, the central with three to six cusps, the laterals 
» twm- or three - pronged. The form of the shells is 
jJ variable ; some are fusiform, with a distinct anterior 
canal, othci-s ovate, with the canal reduced to a mere 
(,F («) Jiu,rUum uiuiatun,, {!.) All are provided with a horny operculum, 

Murex erinaceus. W’liich assuines difteroiit foriiis in the various genera. 

Chrysodom'iLS is essentially a northern or Arctic race, 
and one of the fusiform types with a distinct siphonal canal. G. antiquns, the largest 
of the British marine gastropods, was also common in the English Crags. Reversed 
or sinistral spiicimens were the commonest form in the Red Crag. C, contrarius, found 
living on the coast of Spain and Portugal, is a closely allied species. Sipho, Vein- 
topsiSy and Jumakt are other northern fusiform groups, which have a few British- 
representativea The common wdielk (B, undafnrn) is the typical representative of 
the genus Buccinnm, and is such a familiar object that a description of the shell is 
needless. We may, however, direct attention to the variations existing in this species, 
these being due to difference of locality, depth, etc. Specimens from deep water 
have much thinner shells than shallow-water forms, and those found on some 
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parts of the Northumberland coast are remarkable for their solidity. Thousands of 
bushels of this mollusc are annually consumed in London alone, and as much as 
£12,000 has been realised in a year by the whelk-fishery off Whitstable. Whelks 
are used as bait in the cod-fishery. The operculum of this species is roundly ovate, 
formed of concentric layers, the nucleus beinjr a little excentric. It is compara- 
tively small, and of no use as a defensive door to the shell. On the coast of Ktmt 
and Sussex a i*ace exists, provi<led with two and sometimes three small opercula, 
instead of one as usual. It is a peculiarity which .ipparciitly has become 
permanent to some extent, but how it 
originated is a matter of conjecture. The 
whelk has a wide ^coij^i-aphical range, 
occurring all ov(‘r tln^ Noilli Sea to the 
Norwegian Coast, as far noHh .is Iceland, 
and on the oast coast of the States 

from Cape Co<l noi*th wards. It is found 
fossil in the Coralline Crag. Owing to 
the variability in th(^ shell, a consist Table 
number of so-called sj)(*ei(‘s of Ihurhittnh 
have biH*n <leseril)e(l ; but the total of 
recognisable forms does not ]>robably 
amount to more than about sixty or 
seventy. '^l'h(‘Si*- arci mostly Arctic or 
northern, but a few are known from 
Japan, Vithiihurpn is scarcely separable 
from IivAThnnii,}m.i the shell is thinner, 
and the apertuT’(^ v(‘ry large. On the con- 
trary, the opei’culum is minute, that of V. 
pervyi from the Japanese seas — a shell 
about 2 incb(*s l<mg— being only about 
of an inch in diameter. Neohmeiannv is 
the Antarctic rc‘pivsentative of Ilmcinum : tbc) single known s])(‘cies occurring at 
Kerguelen Island in the Southern Ocean. 1'lic c 2 )ei’culum differs from that of 
Bucciau/m, in being somewhat sjnral, instead of concentric, and the lingual dcaitition 
is slightly diffei-tmt. Cont inelUi, Cylleup, TrIfonUlea, and Enfhrid are 

genera referred to the family Biwciv ukv, on account of gcauavil similarity in the 
animals, and especially of the radula. They comprise, a considerable number of 
si)ecies from tro 2 )ical and tem 2 )erate localities, but an* not of Hufiiei(;nt interest to 
be further mentioiUMl. We may', how’ever, call ntfeniion to the gi^nus Euikria, as 
a remarkable instance of wid(‘ geograiJiical range. The tyi)ical H 2 j(‘ci(‘s, E. corvea, 
which is very common in the Mediterranean, has also be(‘n found on the coast of 
the island of New Cahulonia, eastward of Australia. The genus PIujh conbiins a 
small number of very beautiful species with highly'^ ornainc^ntal cancellated sculpture. 
On the other hand, the closely allied Ehmrmi is remarkable for the smoothness 
of the shell, and the S 2 )otted character of the colour-markings. 

All the members of the family of dog-wludks (Xassiflfn) are comparatively 
small, none exceeding 2 inches in length. The animal frequently has the foot — 
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which is large — bifurcated behind. The radula differa from that of the BuccinidcB 
in having the central tooth curved and finely serrated. The typical genus Nassa 
comprises an extensive group of small molluscs, which exhibit a considerable 
amount of variation in form and sculpture ; and upon these characters many sub- 
divisions have been proposed. The shells are mostly solid, ovate or turreted, 
smooth, granulated, or longitudinally ribbed. The aperture has a distinct oblique 
siphonal notch, the columella is more or less coated with callus, and the outer lip is 
thickened and denticulate, or grooved within. About two hundred and forty species 
are recognisable, of which three are met with in Britain. The majority are found 
in tropical seas. They often occur in immense numbers, and burrow in sand 
and mud in search of bivalves. The operculum is often somewhat triangular, with 
fine serrations along the sides. N, reticulata, the largest of the British spt^cies, is 
common all round the coast. It is a great nuisance on oyster-beds, and although 
exliibiting a preference for young oysters, also attacks those of more mature 
growth. The egg-capsules are roundish, very compressed, and attached by a short 
stalk to seaweeds. They are arranged close together in compact series, and have a 
small hole at the top, through which the young escape. The subgenus Benumlia 
resembles Nasm as regards the shell, but the animal (of D. retusa at all events) 
h!is no prolongations at the posterior end of the foot. The operculum is present in 
some species, wanting in others. Four of the seven known species are from West 
and South Africa, and one or two are said to be Japanese. Cyclonassa, another 
subgenus, agrees with the typical Nanm as regards the soft -parts, but is 
characterised by a very aberrant form of shell. This is smooth, flattened, some- 
what like a Neriia, and has an oblique distorted l(X)k about the aperture. C. 
neritcm is a very common Mediterranean shell ; two other si)ecies being known, one 
also Mediterranean, the other fi*om the Black Sea. In the genus Btdlia the animal 
is very similar to tliat of Nassa, but the foot is larger, and the eyes are wanting. 
The shells are mostly smooth, and the suture between the whorls is generally filled 
up with a d(q)osit of callua The south of Africa may be regarded as the 
metropolis of this genus, but a few species also occur on the west and east 
coast, and in Mauritius, Madagascar, and Patagonia. 

The dove-shells, or Colmiihellidce,, are likewise a very numerous family as 
regards species, upwards of three hundred having been described. The animal is 
similar to that of the Biiccinidce, but the central tooth of the radula is not armed 
with cusps, and the laterals are of a peculiar type. The shells are all small, some 
quite minute, and offev considerable variation in form and sculpture. Most of the 
species are prettily coloured, and many occur in enormous numbers, and are 
employed in the manufactui'c of shell-boxes and other ornaments. Columhella, 
abounds in the tropics, but many arc found in temperate latitudes all over the 
world, an<l two species belong to the Bi'itish fauna. All are carnivorous and 
mostly littoral, but some affect depths of five or six hundred fathoms. 

The extensive family of the Maviculoi contains some of the handsomest and 
most striking forms of all the Ehachiglossa. The animals have a moderate-sized 
foot, squarish in front and somewhat pointed behind ; the tentacles are slender and 
ixiinted, supporting the eyes on the outer margin. The siphon is long, and the 
retractile proboscis, containing the radula, is well developed. The latter is long and 
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narrow, with three rows of teeth ; the central tooth having three principal cusps 
or spines, and other secondary denticles, and the laterals being simple. The homy 
operculum is variable, having either a lateral or terminal nucleus. The shells 
exhibit much diversity of fonn in the different groups. Murices are carnivorous, 
feeding upon other molluscs, both gastropods and bivalves. In the typical genus 
Murex the animal, as it increases in size, produces at intervals beautiful foliations 
or spine-beai ing ridges, nearly always three or more on a whorl, which are some- 
times continuous up the spii*e : thesiphonal canal being sonietimes remai’kably long 
and slender, almost closed and n(‘ar1y straight. Tn this group many of the species 
are arme<l with numerous long spines upon the ridges ; M. ieniiisinna from the 
Indian Oc(‘an, Philippiia* Islands, and neigh- 
bouring locixlities, being a striking example. In 
the section Chicorn/s the shells are strong, with 
three iH^autifully branelu'd ridges, ami the canal 
shorter than in the preeiHling group ; M. 
a large ami abundant s]K‘cies from the Red Sea, 

Indian Ocean, Potymvsia, etc., and the beautiful 
M. rosir, from the Philij^pines, being 

examples. Tlie species of M arivivnihu. are like 
Chivoretis in form, Imt with iiuiiktous varices. 

The west coast of lh*o])ical America and West 
Africa produce some of tiu; largest and hand- 
somest species. Of all tliCi group, perha})s none 
surpass in beauty of construction some of the 
forms of Plerotiidas ; M. hdtheckei, from tluj China 
Sea, which is of a uniform delicate rose-pink 

, , . , i /I i 1 n -n ANIMAL OF A, Gill *, A', OsiitinMinim, 

tint, and ornamented with elegant fiut(Ml frill- or oiiaciory organ Purpic-glaiul. 
like varices, U'ing pre-eminently beautiful. Therii 

are several other grou])S, containing a number of sj)cci(‘s of considerable inten‘st, 
which cannot be furtlua* referred to in this account. Some mention, however, must 
be made of the dye which cun be extracted from the animals of this family. 
Species of Ala rex and probably of Parpitm — a genus rcd'erred to subsequently 
— were both (‘inployed in ancient times in tla^ manufacture of the Tyrian purph*. 
The dye was obtained from a white vein at the ujxper j)art of the neck of the 
mollusc. Wlieii first extracted, it is of the colour and consistency of cream, 
but subsequently changes, on (?xj)osure to liglil, to the dtjep j)urple tint. I'Ikj 
common Britisli Pa/rjtara. htpillas affords similar dy(i. Its scarcity ainl the 
use of cochineal, and otlier dyes, remler it valin*less as a commercial pro<luct. 
Alurex erinaceujfi, th(^ only Britisli species, is common on oyster-beds, to which it 
is destructive. All the. forms yet i*eferre<l to have a somt‘what roundish or ovat<^ 
operculum, witli the nucleus terminal or subterminal, wliereas in those wliieli 
follow (Parpurl me) it is lateral. All th(i menib(*i*s of tin* gcmus Purjrmra ai-e 
furnished with strong, heavy shells, suitable for j)rotecting the iidiabitants from the 
rough usage of the sea upon th(‘. rocky sliores they mostly inhabit. They rang(i from 
the Arctic to the Antarctic regions, the handsoimjst species coming from tropical 
seas. The fry of several speciiis are pelagic, and swim at the surface of the water. 
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Like the muriccs, these molluscs are devourers of Bivalvea The annexed illustration 
represents the egg-capsules of the common British P. lapillua. The animal and 
shell of Acanthina are similar to those of Purpura, but the outer lip of the aperture 
is furnished at the anterior end with a more or less prolonged conical tooth or 
prong. Rapaua, Concholepas, and Sistrum are other nearly 
allied forms. The members of the family CoralliophilidcB 
resemble the purpuras, but are characterised by the want of a 
radula, and their singular mode of life, dwelling either in or upon 
EGO -CAPSULES OF corals. RhizochUus in early life is like the young of Purpura, 
Purpura lapiUm. but subsequently it attaches itself to barked corals {Antipathea), 
living a prisoner's life, immured within its own shell. It pro- 
longs the lips of the shell around the stems of the coral, completely closing the 
aperture, with the exception of the siphonal end, which it extends into a distinct 
tube, serving to carry both water to the gill and food to the mouth. What the 
nature of its nourishment may be — possibly derived from the Anii2)athe8 itself — 
and what may be the reason of this self- 
iinmureinent, are problems to l>e solved. 

Coralli(yp>hila madrepcmirum attaches 
itself to corals; other species live a more 
active life, crawling over the surface of 
the coral. Several are tinted with lilac, 
and have purple apertures ; others, however, 
are entirely white. Leptoconchus and 
Magiias are both dwellers in coral. The 
former lives in crypts excavated in brain- 

stone corals, and I'esembles, as i*egards the ^ 

shell, the young state of the latter. RhizochUua atUipaihvm. «, Young ; h, Adult. 
Magilua affects coral-reefs, and is remark- 
able for the grijat alteration wliich takes place in the course of its career. At 
first it assumes the form of an ordinary” spiral shell, and takes up its abode 
within the crevices of growing coral. The coral slowly advances around the shell, 
and would soon enclose it, if the mollusc wore not pn)vi(led with some means of 
defeating this. The creature prolongs the lips of its aperture into a long, but 
mostly crooked tube, so as to keep pace Mnth the growth of the coral, and keep 
the tube open for the free ingress of the water. As the tube increases it becomes 
too long for the animal ; consequently the mollusc fills up the spiral portion, and 
as much of the tube as is not required. These shells are found in the Red Sea, 
and the Indian and Pacific Oceans. 

SECTION T.ENIOGLOSSA. 

The majority of the molluscs included in this section of Pectinibranchs are 
marine forms ; although a few families are found in fresh water, while others are 
terrestrial and air-breathers. Tjq)ically, the radula has seven rows of teeth, one 
central, and three laterals on each side ; but there are a few families in which this 
armature is modified. Sometimes there is only a single lateral on each side ; but, 
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on the contrary, the number of laterals occasionally reaches five a side. They 
are curved and claw -like in some g^roups, but in others merely have serrated 
edges. Forty-two families arc included in this section ; but the limits of this 
work admit only of an account of some of the more important. The animals of 
one group are provided with shells, which either have a distinct, prolonged 
anterior canal, or else the aperture is more or less deeply notched at the base. In 
another group the mouth is entire, without notch or siphonal canal. Some have a 
retractile proboscis, like miirices and whelks; othei's have a longer or shorter 
muzzle or rostrum, which is somewhat contractile. 

The first family is that of the tritons {Tntonhhv\ m/>ny of which possess large, 
handsome shells, exhibiting strengthening ridges (or fonner lips) at intervals upon 
the spire. The animal has a shortish foot, a large h..* ' projecting between the 
slender, |K)inted tentacles, suppoiiing the eye.s at the sides or at the base, and a 
horny operculum. Triton and llandla are the two genera constituting this 
family. In the forim^r, the largr T, fritonisy the war-trumpet of the South-Sea 
islanders, is the typical kind. It attains more than afoot in length; and when 
the top of the spire is broken oi- gi*ound off* a booming note can be produced. 
A similar speci(‘s {T. vodifervs) lives in the Mediterranean, and was employed in 
the same w^ay by thc^ Romans. Most of the tritons are covered with a conspicuous 
periostracuni, and in some cases this is bcs(‘t with short hail's or bristles. The form 
of the shells is very variable in the different subgenera, but all exhibit the 
character of ])eriodic ridges. The shells in the g('nus Ranella are very like Triton ; 
but the ty])ical forms possess a posterior canal or sinus at the upper pai*t of the 
aperture, which is not met with in the latter. The varices are mostly in two 
continuous series, one up each side of the spire. The species of this and the 


preceding genus are not very numerous — hardly two hundred altogether — and are 
chiefly inhabitants of warm climates. A few range as far north as Alaska and 
Japan ; others occur on the shores of Patagonia, the Cape of Good Hope, Amsterdam 
Island, and New Zea- 


land. Two species — 



T nodiferus and 1\ 


cxitacem — have been 
occasionally obtained 
from the Channel 
Islanda Like Strom- 
bus, this group of 
molluscs appear to 
be great scavengers. 
M. Velain, when at 
Amsterdam Island, 
observed that the 
dead carcases of seals, 
left by fishermen on 



HELMET-SHELL {CosaiS f/laocu). 


the rocks at low 

water, were literally covered with lobsters and Ranella at the following tide. In 
the hdmet-shells, family Cassidida;, the shells develop varices at intervals, like 
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the tritons, but they arc broader, more globose, and have shorter spires. The 
aperture is more or less dentate on each side, and the siphonal canal short, and 
sharply recurved. Upon the columellar side the animal deposits a stix)ng shelly 
callosity, which in some species is enormous, and unites with the outer lip above. 
The animal closely resembles that of Triton \ its dentition is similar, but the 
opercula in this family are peculiar, having a lateral nucleus, and often being 
rayed like an expanded fan. The shells of some species consist of different- 
coloured layers, and are made use of for carving shell-cameos, in order that the 
subject may stand out in relief upon a differently-coloured ground. This family 
includes the genus Cassis and its subgenera, and the genera Morio and Larnbidium. 
Nearly all the species are from hot regions, but a few occur in Japan and New 



TUN-SHKLL, DoUum perdix (J nat. size). 


Zealand ; and the well-known Mediterranean Morio tyrrhmi us has of late years 
been dredged living in deep water off the south-west of Ireland. 

The tun-shells {Doliidiv) are mostly thinnish and of globose form, sometimes 
of veiy large size, and always spirally ribbed and grooved. They have no varices, 
and are without opercula. The foot of the animal is large, and tlie retractile 
proboscis long, and furnished with an expanded disc at the end, as in the figured 
Dolium 2 )erdix. The shells of the subgenus Malea, which have the outer and inner 
lips strongly dentate, form a connecting link with the Cassididee, Nearly all the* 
species, about fifteen in number, are tropical. Two, however, occur in the 
Mediterranean, and several in Japan ; DoUum galea, which occurs off the south 
of France and other parts of the Mediterranean, has a shell 8 to 10 inches in 
length, and is the largest gastropod of that region. This mollusc, as well as 
various species of CassUUdo} and Triton idw, are said to secrete sulphuric acid. 
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The fig-shellw J.^iTxda) have an extensive foot, like Doliiim^ but the mantle is 
largely Jobed on each side, and reflexed upon tlui shell. This is of an elongate pear- 
shape, with a short spire and a long canal, and has the surface ti*ans\'ersely 
striated or ridged, or more or less cancellated. There ai*e nine recent species 
belonging to this genus, which is also found fossil in tlie Chalk and Tertiary 
deposits The genus is included in the Dolt idee. 




via-mELi, (Pirula tyrnf/ricosa), from abovr and beneath (iiat. 

The cowry, or, more properly, kauri shells {Cypnekhe), are so well known 
that a description is scarcely necessary. Thoy are all formed much aft(‘r the 
same pattern, and are almost always coated Avith a brilliant enamel, cause<l by the 
lateral lobes of the manth; being reflexed upon the shell. In the young thcj shells 
exhibit a short spire, which in the course of growth becomes entirely or almost 
concealed. Many of the shells are exceedingly Iwautiful, and some of the animals 
are even more brilliantly coloured. The cowri<\s have no oj>erculum, but a largti 
foot, and can retracit their bodices entirely within the shell, notwithstanding the 
narrowness of the a|)erture. The shells, as is w<*ll kne^wn, are sold as ornaments, 
and some of the rariT kinds are greatly prized by cf»lh‘ctors. A small yellow 
species, the money-cowry {Cypr(va 7noneUi\ abundant in some parts of the Indian 
and Pacific Oceans, is used as coin in India and among the n(‘groes of certain 
parts of Africa. The orange cowry (C, aurora), one of the finest of the grouj), 
used to be worn by the chiefs in the Friendly Islands. The cowri(^s, of Avhich 
nearly two hundred species are known, are found most abundantly in tropical 
regions, but a few stragglers occur in temperate seas. Only one small and ridged 
species {C, enro/xea) is found on the British coasts, and about a hundred fossil 
forms, chiefly Tertiary, are known. The genus OvnUt is allied to Cypran as 
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regards the general conformation of the animal, but has a somewhat different 
radula and shell. It contains several subgenera, the most important being Radius, 
Ultimus, and Calpumus. Radius volva is perhaps the most remarkable of all the 
species. Many of them live parasitically upon sea-fans, the shells assuming the 



MONEY-COWRIES. 


same colour as the bark of the coral. Pediciilaria and Erato also belong to this 
family, although the shell of the former appears to possess no relationship with 
its other members. 

The wing-shells, or strombs {Strombidcs), include some veiy large species, 

which when young somewliat 
resemble a long-spired cone. When 
mature, however, the outer lip 
thickens and spreads out, and upon 
the edge may be developed six, 
or more, claw -like appendages 
{Pterocera). The aperture is notched 
anteriorly for the short respiratory 
siphon, and the outer lip situated 
near this siphonal notch, and also 
often posteriorly at its junction 
with the whorl above. The general 
form of the shell is shortly or 
elongately fusiform, or conical. The 
animals have a well - developed,, 
ringed, contractile proboscis, with 
the mouth at the end, at the base 
of which arise two enormous eye- 
stalks, supporting on their inner side 
the true, but very small tentacles. 



WING-SHELL {t^Tombus lentiffinosics). 
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The eyes arc situated at the truncate ends of tlio long, cylindrical stalks, and, 
like those of the Cephalopods, are more highly organised tlian in many fishes, 
having a distinct ciystalliiie lens, with a highly-colounid iris. The foot is unlike that 
of ordinary gastropods, an<l not a<laptod for crawling; being a powcu’ful, muscular 
organ, so modified as to servo the pui'pose 


of a lever in their hopping or leaping mode 
of progression. Tht; operculum is claw- 
shaped, and attached to tlie liimhir branch 
of the foot. These molluscs are great 
scavengers, and fetid n])on decomposing 
animals of any description. About sixty 
species of Slronihwt liaee been described, 
almost excluslv’ely contim^l to tropical seas. 
The beautiful pink S. <>f West 

InditiS, is brought to Euroj)e in immense 
numbers, and, when ground to [)owder, 
employed in tlie m anil fact UT*e of the finer 
kinds of poi'cidain. It is also used for 
cameo -carving, and produces pink per.rls. 



VKI.u:an's vdot {Aponhns p€n-2t*'lccani). 


The spider- sh ('ll s (Ptrroceras), with tlie 

claw-like projections from the outer lip, have already been rciferi’cd to. The beak- 
shells (Rostellff ri(i) are r('markable for tlui long, acuminate spire, and the prolonged, 
slender, anterior i’<jstrum. On the conti\*uy, in 'JVrvhdlnin, the last gi'iius of this 
family, there is no canal whatevt'.r, but merely a slight sinus or emargination at the 
base of the outer lip. AIHcmI to this family are the A porrltaiidiv, and Struihio^ 

Id'nidai, tlui former including some 



woiiM-silELL {Vennetvs hnnlrriccdis). 


remarkable fossil forr s. A 'lnyrrhaia 
pcj^pdecdvi is a common llritish 
shell, occurring all round the coast, 
and usually known as the pelican’s 
f(X)t. In tlK'. Gerilhii(l((i the shell 
is typically elongate, and more or 
Inss point( 3 d,witha notch orre.cui'ved 
canal at the front part of tlu; aper- 
ture, whicli is rather short. It is 
genend ly solid, tuIxTcular, or riblxMl, 
and lias no periostracum. Th(3 
animals are very like the p(iri- 
winkles, and arc* provided with a 
horny operculum. Tiny ar(3 vege- 
table - fecxlers, very numerous in 
species, and inliabit both salt and 
brackish water. Whereas the 


species of CrrUhium are all marine, such forms as PotamideK, Pyrazwt, ami 
occur in brachisli marshes, ami at the months of rivers. The fossil 
species of this family far exceed the recent, both in point of numbers and 
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size; Cerithium giganteum, an Eocene form, attaining quite a foot and a half 
in length. 

One of the most curious groups of gastropods is that of the worm-shells 
(Ve/mieMdai), in wliich the shells might be mistaken for the tubes of marine 
woi’ins, as they are similarly twisttid an<l attached to stones and otlier substances 
in the same way. They are fiHje and spiral in early life, and crawl about like 
ordinary gastropods, but they afterwards settle down and b(‘Come stationary for 
the rest of their existence. In tlujse circumstances, a walking-foot, being of no 
further use, becomes modified into a more support of the operculum. The animals 
are worm-like, with a short proboscis, horny Jaws, and radula, and the head 
supporting two shoi*t tentacles, with the eyes at the base. The species are not 
numerous, and occur chicifly in warm and temperate seas. Tht*, iiuimb(‘rs of the 
extensive family of the MdaniUke arii inhabitants of fi'C'sli water, and are 
abundant in all subtropical j)arts of tlie globe. Tlie sluOls are not, as a rule, 
attractive, bt*ing clotluul with a dark or olivaceous periostracum. Some are long, 
slender, and acute, others fjuite globular. Perhaps the most i-emarkable form is 
Ti]iltohi(t horeiy an inhabitant of Lake 'J\inganyika, in (veiiti’al Africa. In the 
typical Mrhuiiit the aperture of the shell is entire, but in somt‘ of the other genera, 
such as Melanopnifi and Faunas, it is distinctly notched in front. The animal is 
provided with a horny operculum, and many are vivipai’ous. IIundj*eds of species 
have b(Hjn diiscribed, but many, as is tlui case in all fiesh-water groups, arc 
distinguished by yory slight difFerences. The StrepoihaiiAhv, or Flvarorerkhe, are 
the No!*th American representatives of the Mdaniidiv of tln^ Kastei’ii H(‘misphei*e, 
from which they are distinguished by the absence of the marginal mantle-fringes, 
and in being oviparous in their mode of reproduction. In (i(‘i*tain j)laces they 
abound in such countless numbers as almost to cover tln^ b(‘d of some of the 


streams in Tennessee and Alabama. About five hundi-ed foi ins have Ihhui r(‘Cognised. 
Tlie genus lo contains the largest an<l most striking sjx'cies of all. They are 
sliort, spindle-shaped shells, often Avith nodose or s])inos(‘ whorls, and with the 
aperture prolongtMl into a <listinct anterior canal. They are restricted to certain 
])arts of Virginia and Tennesset*. The little sea-snails known as p(;i*iwinkles 
are dwellers on the shore. They are all vegi^tarians, ami occur in 






SPAWN OK PEttiwiNKLK (magnified). 


the Arctic and Antarctic ivgions, as wm‘ 11 as in 
temperate and trojiical shores, wherever th(*y 
can find rocks and ston(\s to crawl upon. Some 
occur at low water; othei’s live at liigh-water 
mark, or where they are only occasionally 
reached by spring tides. Some ascend the 
mangrove trees, and have been found hundreds 
of yards from the sea. Four species of 
TAfiorhia inhabit the English coast, tire 
commonest being the Avell-known L. littorea, 
which is consumed in such enormous quan- 
tities. The periwinkles liave horny jaws, and 


a very long radula, sometimes two or three times as long as the animal itself ; and 


they are all furnished witli a horny operculum to protect themselves with, when 
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reti*acted within their sholls. The spawn of this species is illustrated in the fififure. 
[Nearly allied to the last is the genus Lacuna, in which the animal has long, 
slender tentacles, while on the upper part of the foot there arc two long 
appendages, which ext<.‘n<l much beyond its pointed extremity. The species 
illustrated occurs on the llritish coasts, and, like the p(*riwinkles, fe(*ds upon 
s(‘aweeds. The so-call(Ml .staircase-shells (Si*la ri ahr) ar<‘ all Torined much ii})on 



nnijM.i) wiNKi i;. t.tu'vmi lun'H'ttfu (fnlur^iMl). 


()iu‘ and the .same |)lan. I’liey are more or less conical, llatt<‘n(*d, and umbilicated 
beneath, and nearly always beautifully scul])tun‘d. In S(p1arnnn the umbilicus 
is often very wide, and is l)or<lei’ed })y a. crenulated edg(‘, winding upwards to the 
a])ex of the sliell and t<*rniinating in a notch upon the* apertui’e. The* (‘inbiyonie 
sht‘ll is sini.stral, and in tiu^ course, of growth lM‘ConH‘S tiirm^d s])ir(Mlownwai-ds, 
and, with tie* exception of its bas(‘, concealed by the Hucc<‘eding whorls. About 
twenty spt'cies ai’e known, and ar(‘ chietly en't with in tro])ical scias. In Ttpclnla. 
tile shells ai-e more narrowly umbilicated and not carinate at tlie margin like 
Sitla rii tnn , and tin* opej-culum is V(*ry n inarkalde, being conical, 
and consi.sting of many whoi-l.s. 

All the molluscs b(‘longing to the Risst/tja* a)e vmy small. Idle 
shells ai*e soim'thing like a minute Jjithrclna, but they ai<‘ often longi- 
tinlinally ribb»*d,a styh; of .sculpture, not met with iti the p(‘ii winkles. 

Tiny are found everywhere, ami live u])on alga*. A large, number 
of species have been de.scrilxMl, and doubtless many fc^rms from all 
parts of the world remain to bo discovenul. Even u|)on the English 
shores b(',tween twenty and thirty forms arc met with. This family 
has been divided into a number of g(mera and subgenera, partly on 
differences in the soft -parts, and partly upon conchological grounds. The 
Hydrohiidw arc closely allied to the Rissoidoi, and may be regarded as their 
repre.s(;ntatives in fresh and brackisli water. Like the, ])(;ri winkles, although 
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furnished with gills, they are more or less amphibious, passing part of their time 
out of the water. Four are BritisL 

The viviparous pond-snails {Vivi^mridai) in general appearance are not unlike 
periwinkles, having a lorigish contractile rostrum and elongate pointed tentacles 
with the eyes situated upon short projections at the base. There are two neck- 
lappets, the right forming a rudimentary respiratory siphon. The foot is broad 
in front and narrowed behind. The species of Vivipara, as their name implies, 
are viviparous, and the young are brought forth provided with a shell having 
three rows of bristles, and at once start upon an independent career, like the 
adult. They arc sluggish creatures, and generally live more or less in mud at the 







. - 

s. 






VIVIPAROUS POND-SNAILS, Vivipara ; male on left, female on right, young (magnified) in front. 


bottom of rivci*s or canals, and feed upon decaying vegetable or animal matter. 
The North American species foimi the genera Melantho and Tylotoma, 
and most have more solid shells than in Vivipara. One of the finest species 
occurs in Lake Tanganyika, and is remarkable on account of the aperture 
being somewhat effuse at the base, and in having the outer lip slightly sinuated 
in the middle. On this account it was at one time placed in the separate genus 
Neothanmay but examination has shown that it does not essentially differ from 
VivipaTU. The character of the lingual teeth in this family is shown in the- 
accompanying figure I’epresenting a single transverse series. Two species occur 
in England, one of which ( V. contecta) is here figured. The Valvatidai comprise 
a few small molluscs closely allied to the last. They occur in Europe and North 
America, and are remarkable for protruding a plume-like gill beyond the mouth of 
the shell, which is somewhat discoid or turbinate in form. Valvata cristata and F. 
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KUW UK TKETir FKOM THE KADULA- OF Wmj^am 
(greatly niaguihed). 


occur ill places throup^hout the British Isles. The shells of the 
A'DvpuUariidai are not iinlik* those of the V ivipar 'ultt^ but are mostly larger, and 
ratlier more globose. They are covered with a sliiny, greeiiisli, or olive 
periostracum, and often ornamented with transvei’se colour - bands. All are 
provided witli large ovate opercula of concentric growth, which in species from 
the Western Hemispla;re arti thin and horny, whereas in the Old World forms 
they are thickened internally with a shelly 
laycT. AHhougli these shells have entire 
mouths (holostomatous), without a canal or 
even a notch in the apeiiure, the animal is 
provided with a long it‘spiratory siphon. 

The species of AihimLlaria are amphibious, 
and inliabit marshes in tropical countries. 

They are provided with lx)lli lungs and 
gills, and bre^athe both air ami water. 

Professor Semp(*r obsi‘rves that these molluscs “ breatlie. m^t only with both gills and 
lungs, but they do so in regular alternation ; for a certain tinu^ tluy inhale air at the 
surface of the water, forming a hollow elongattul tube by incurving the margin of 
the mantle, so that the hollow surface is c1os(mJ against the water and open only at 
the top. Wluui tht‘y luive thus sucked in a sufficient (juantity of air, they reverse 
the margin of the inanths opeming the tube, into which the water streams.” 
They are capable of living out of the water for a long time, and it has been 
stated that some specimens kept in Calcutta for live years W(‘re alive at the end 
of that period. South America producers the larg(‘st foi’ins, but there are also a 
few handsome spticies fi’om Central Africa, Madagascar, India, and the Eastern 
Archipelago. In the genus jAttnsfcfi, which occurs only in Africa, the shells arc 
all sinistral, and have homy opercula. 

The families CyclophoTuhn and CychsioniAitidai comprisci a largo number of 
air-breathing land-snails, fornuu*]y class(id with the Pulmonata. The brcatliing- 
organ is not a tru(^ lung, like that of the, snails and slugs, but a vascular branchial 
chamber, modified for air-breatliing, ami opun in fjont, the mantle being free 
above the nape of the ncick. The animals are unisexual, and formed mueli after 
the fasliion of pei-iwinkles. They have a long i-ostnim, two contractile^ tcititacles, 
with the eyes at the base, and the radula lias s(‘vi‘.n rows of teeth, arranged as in 
Littorimi and allied genera. Another distinguishing feature is the presence? of 
an operculum, which is possessed Ijy all the species. In tlu? Cyvlojdurridoi this is 
generally horny, cii’cular, and multispiral, with a centi-al nucleus, whereas in the 
Cyclo8fo7uatid(V it is mostly of a shelly texture, and jiaucisjiiral. In the latter 
family the animals havi^ the sole of the foot diviiled denvn the middle by a groove, 
and, when walking, the? halv(‘s are alternately advanced. The species of these 
families are numei-ous, and an; pi'incijially found in hot climat(‘S. A few, however, 
oc'cur in mori; tempei*ate regions; two, belonging to distinct gemua, Ixung found in 
Britain. The shells are variable in form, and can only be ap])reciated by studying 
a series of specimens or figures. The species are classified in a large number of 
genera, which, although based on a combination of characters, are mostly dis- 
tinguishable by differences in the opercula. Cyclostoina, Oiop(/iua, Ch(yad'ropoma, 
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ChuanopoTYUL, (Hdtda, Tiuhyrn, Omphaloiroins, are the principal foi-ms of Gyclo- 
utormituJjOi. Some of tlie handsomest ami largest sj^ccies are found in Madagascar 
and Mauritius, hut some of the West Indian islands arci noted for the immense 
number of species tliey produce. Among the Cydophoruhti, the most important 
groups are Cydoplutrtis, LeptoponKi, Cyatliopoimt, J^terocyduiAi, Opwiltoixyruyi 
Pvpina, and Mpgaloiiuisimna. The minute forms, known as 02)wth()- 

donKJL are, perhaps, among the most wonderful structures of the whole family. 

The specie 5S com])rised in the family TrancatdlLcUr^ are all small, and live cither 
l)etween tide-mai’ks (Trunratella) or upon the land {Gexmiclania). Tlu^ shells are 
elongate, and in the young state terminate in a pointed spire, which is subse- 
quently cast off* tlie shells then assuming a truncate apjiearancc at the top. TIk^j' 
have a very peculiar mode of progression, resembling that of the looper cater- 
pillars, th('. end of tlie muzzle and the foot being successively advanced. The 
characteristic feature of the typical genus (llipjnmyx) of the allied family 
H'IppmtychidiH is the secretion by the foot of tlui animal of a slielly plate, which 
is attached by its outer surface to stomis, shells, oi* other substances. It forms a 
j)t‘rmam5nt resting-place for the conical shell, and is attaclunl to the adductor 
muschi of the animal. In some of the fossil species these lower plati's are so gn^atly 
developed that they were at one time regarded as bivalvtul shells. Aimdihea has 
a shell very like Hipj[H>nyx ; it does not form a basal plate, but c‘xcavates a hole 
in the surface of other shells to fit the aperture of its own. 

The membei"S of the family Calyptnvldiv. are limpet-like in tludr mode of 
life, living attached to stones, shells, (^tc. The shells ai*e mon^ or less conical, but 
spiral towards the apex. The interior is either sim])le, as in parted off* 

by a transvei*se septum {CrppiihdAi), or a cup-like proc(‘ss, varying in form, is 
developed in the upper ])art {Cradhulu'm). The animals ha\’(i a short proboscis, 
two slender tenbicles with the eycn near the base, aTid the mouth furnished with 
a radula bearing a prolonged tusk, like the Nafiridtv. Being permanently loaited, 
it becomes a maittu* of ctmjecture what they fi‘ed upon. Possibly the minute 
forms of life which abouml in the sea foi*m their staple nourishment. The various 
genera are for the most part i\*cognisable by diff*erenc(‘S in the shell, thi^ form 
of the internal septum and ‘‘cup” furnishing good charact(u*s. The number of 
living forms is considerable, and they are found in all seas. '^l\vo occur on the 
Britisli coast, — Calyjdnpa dtinpusls and Capidm hti'it<iaricas, — and a thij*d, 
Crepulidit fornicaia, supposi*d to liave been imported with American oysti*rs, is 
becoming an establishcil resident on the Essex coast. Closely allied to Cajudns 
is Thyca crystalli}i<i, which lives ])arasitic upon star-fish at Mauritius and in 
other parts of the Indian Ocean. In tbe family XenojthoridiV- are contained a 
remarkable group of molluscs known as carrier-shells, so-called from the instinctive 
habit som(‘. of them j)ossess of carrying alx>ut witli them shells, stom*s, and other 
substanci‘s, which tluy cement to the exterior of tlsiir own trochiform shells. 
Doubtless this concealment is to soim^ e.xtent protective. The an im ils bear some 
resemblance to but their eyes are very inhuaor, and placed at tlui base 

of the tentacles. They are furnislied with opercula, which, however, are more 
like those of Purpura than Stroinhm. They resemble the latter in their leaping 
and scrambling mode of piogression, not gliding along on the sole of the foot 
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liko most other gastropods. In tlH‘ family of tljo naticas {2\<(i}vidiv), whicli is 
numerous in l)otli reei^iit and fossil s2)eeii*s, the sliells are more or less globular 
or car-shaped, aial the 
animals remarkable for 
the enonnous dt‘\'e]op- 
ment of the foot, which 
is used as a plough to 
drive through the sand 
in search of other mol- 
luscs — mostly bivalves 
— upon which tiny 
feed. The foot is so 
large as almost to 
conceal the shell, and 
the front part of it 
(the propof/ lum) hides 
the head, which has no 
visible (‘y(‘s. The 
shells are (piit(‘. elosi^d 
in some of the groii[)s 
by a paucispii-al operculum, which is eitluT horny or sln.^lly. Naticas are fouml in 
all parts of the globe. The largest living sp< eies (Ltfunfid //ryvAs) occurs on the 

(*,ast(Tn coast ol* Noi th Am(‘rica,but sojne 
of the more highly -coloured forms are 
fou]id in tiopical seas. About half a 
dozen sp(‘ci(‘S occur in Ilritain. The 
s])awii-cas(‘S ar(^ cui*ious ol)j(5cts, resem- 
bling a broad siindy stra]) coiled round 
like a horseshoe. 




RTAUKisH WITH Thjfca ; Oj SliL‘11 of Jjiitcr i!nlargt‘il. 



VIOLET SEA-SNAIL {Tauthhm) WITH ITS FLOAT. 

A bubble, drawTi, somewhat too large, about to be 
joined to the anterior end of the float ; c, Shell ; 
/, Float ; Foot ; Head. 


SECTION PTKNOObOSSA. 

In this unimportant grouj) of l*(*ctini- 
bj*aneh.s — which iiicludiss only tin* families 
la ulhi nldtr ami HndaridliV~i\\i\ radula 
c.onsist.s of niimei’ous lows ot pointi‘d 
t(*eth, arrange! 1 in cross series forming an 
angle in the mid«lle. TIkti*. is no central 
or rhachii lian tool h. The* violet sea-snails 
(lit itih I iflda) have thin trochiform shells, 
ada]»t(*d for a ])elagic liftL Th(‘se are 
mostly of a viohd colour, tin* base or 
undersi«l<», which is turned upwards and 
expos(;d to the light when the animal is 
swimming at the surface of the sea. Inking 
more d(H‘]dy tinti!d than the rest of the 
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Hhell. The most interesting feature in connection with tliese oceanic snails is the 
curious float which tliey construct to support their egg-capsules. It is a sort of 
gelatinous raft, enclosing air-bubbles which cause it to float at the surface ; and is 
attached to tlie foot, the egg-capsules being suspended from its under surface. The 
violet-snails feed on various kinds of jelly-fish, and occur in shoals on the high seas. 
B(jing unable to sink, so long as they are in connection witli their floats, they thus 
eHcaj)o from storms and are often cast ashore in immense numbers. The species 
are few, and, like other pelagic forms, are widely distributed. Recluzia, the only 
other genus in the family, has a pale bi*ownish shell with a longer spire than 
lanthina. It likewise forms a raft. The shells of the wentle-tra])S (Scalariidai) 
are mostly white, and formed on the same j^lan. The spire is more or less 
elevated, the aperfure entire, and the whorls are ornamented with a succession 
of ribs or varices which give the shells a pretty appearance. The animals are 
carnivorous. More than one hundred and fifty species are known, and they occur 
in all seas, as far north as OretJiiland. Four inhabit the British shores, one 
(ScaUiria communis) being the most prettily coloured shell of the genus. S. 
prcMosa, a native of the China Seas, is the largest member. It was foniierly 
of value, between twenty and thirty 2>ounds having been given foi* a si)ecimen. 

SECTION GYMNOahOSSA. 

This, the last of the five sections into which the Pt^ctinibranchs are divided, 
is characterised by the absence of the radula. Two families are included in it, 
namely, the Eulimiddi and PyramAdellulw. Tluj former have white, polished, 
I^ointed shells, with an ovate aperture, closed by a thin, horny operculum. Many 
of them are curved in the course of growth. Some are known to live commcmsally 
or parasitically uj)on or within various species of holothurians. Slyllfcr, which 
lives in or upon star-fish and sea-urchins, usually has a thinner and more glassy 
shell than Eulinui, and has no operculum. A few si)ecies nrc found in Britain, 
but the family is more numc*rous in wanner latitudes. In the S(‘Cond family the 
majority of the species are V(*ry small ; and while all are dextral in the adult state, 
the young shells are remarkable for having the nuclear whorls sinistral. Some ai’e 
longitudinally plicate, others transversely ridged, cancellated, or smooth, and the 
columella often exhibits one or more plaits or denticles, which ari^ conspicuous in 
some and almost obsolete in others. The diversity of form and surface OT'namenta- 
tion, in the very numerous species of this and many other families, can only be 
se(Ui ill a collection of specimens, or a g(KKl series of illustrations. About forty 
species arc British, none of which belong to the tyi^ical Pyramidella. 

Suborder Heteropoda. 

This grouj^ is n^gardi'd by some systematists as a distinct oi*der, and by others 
merely as a division of the Pectinibranchia ; and it sometimes appears under the' 
name of Nuch‘obranchiata. It incliKles gastrojxKls modified for a j^elagic life. 
The foot, ill jilace of Inang adapted for crawling, is laterally coinjiressed, and servins 
the juir2>ose of a fin, and is also used as a means of attachment to the prey or any 
floating substances. The HetcrojKxls are found on the high seas in everj^ warm 
part of the globe. Tliey have distinct sexes, are predatory in their habits, feeding 
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only serves the purpose of protecting the vital organs, and in some forms it is 
altogether wanting. The Heteropods may be divided into two families, IHero- 
tracheidai and AtUmtuhv, The former includes the genera Pterotrachea, 
FiroUmhi, Cardiapoda, Cdriniarin, and PterosoiiKi) a species of the typical genus 
being shown on the preceding page. It is a transparent gelatinous creature. The 
gills are exposed near the tail, and the fin-like foot, with the minute sucker upon 
the edge, is seen on the opposite side. The sucker is smaller in the females than 
the males. About sixteen species arc more or less determinable. Firoloida 
has no gill and the visceral nucleus is situated at the posterior end of 
the body, with scarcely any caudal prolongation beyond it. The males are 
provided with two slender tentacles in front of the eyes, the females being without 

these appendages, and the fin -sucker, 
as in Pterotrachea y is also larger in 
the males. Neither this genus nor 
the preceding has any shell. In the 
allied Cardiupodii the nucleus is 
pedunculated, and partly protected 
by a minute glassy spiral shell. The 
most interesting of this family is 
Ca/rinaria, on account of its beauti- 
ful vitreous cap-shapeil shell ; the 
animal bi‘ing rather like that of 
Card iopoda. The commonest sj)ecies 
is the well-known Mediterranean 
C laviarckl, but th(i largest is C, 
crishfta from the Indian and China 
seas. The i‘m1)ryt)nic shell of 
(drinaria is spirally coiled like a 
snail-shell, and beai’s no resemblance 
to tluj beautiful adult structure. The 
latter at one time was so rai*(^ that 
one hundred i)ounds is said to liave 
been given for a specimen. Even 
now, large and perfect shells are rai*e. The Ailanfidce contains two genera, 
Atlanta and ()xifgyriif9. The shells are small, compressed, and spirally coiled, of a 
glassy textui'e, and capable of containing the animal. The gills are situated in a 
dorsal cavity of the mantle, and the foot is trilobed, one portion of it supporting 
a minute, subtrigonal operculum. About twenty species arc recognisable, 
Oxyi/f/rus Ix'ing represented by only two. They abound in the warmer parts 
of the Atlantic, Indian, and Pacific Oceans. 

Suborder Scutibranchiata. 

The great feature of these animals is the absence of ceitain functional 
organs in the difterent sexes ; tlu' ratlula being also of a peculiar type, and armed 
with several central and lateml teeth. The two sections of the suborder, 
Rhi]jidoglossa and Docoglossa, ai*c based upon difterences in the radula. In the 
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former there arc nearly always several central teeth, one lateral and many small 
marginals ; and in the latter the typical i*adula, which is very long, has one or two 
pail's of central tei*th, a large single lateral on each side, with a few small 
marginals. The first faiijily {Heliceniikv) forms a numerous gix)up of small 
operculatiKl land-shells, which abound in the West Indicis and the islands of the 
Pacific and Indian Octjaiis. A few (K*cur in Australia, C^hina, and Central ^uul 
South America, but they are unknown in Europe or Africa. Many are attractively 
coloured, and a few rcanarkable for the serrate keel at the penplnuy. Next come 
the nerites {N eril uhv\ all of which are a({uatic. and feed upon vegetable substances. 
In NeHia tluj shells ai'e globular, and strongly made to resist the action of the 
waves, for these molluscs are inhabitants of the seasliore. Tliey arc furnislu^d 
with a shelly operculum, which has a process jutting out from beneatli and fitting 
undtu* the tootla^d or wrinkleii columellar lij) when the mollusc retires within its 
shell. The species of Neriiimt have mostly thinner shells, 
espcicially those which inhabit fri'sh-water stn‘ams, and are also 
furnished with an operculum, lik(‘. Xn'ifa, but thinmu*. The 
nillar-li]) is thin and smooth, or only finely dentate at tlu^ edge. 

^ ^ ^ ^ . . KnKSHWATKU NKUITK, 

In the s(K‘tion the shells are beset with a corom^t of (uat. .siz»-). 

spines. The most remarkable form of that group is N. hnuji- 
ffjdna, from mountain streams in the. Mauritius. Al)Out two hundnul si)ecies of 
Nf^ritina are known, which abound in int(‘rtroj)ical regions and the*, islands of the 
Pacific. Om^ small spcjcies, A. jh(vi<fiUi% occurs in P)ritain, wheix^ it is foinid in slow 
i-i vers with a stony or gi-avelly bottom, and is oftiui coated with a calcareous <leposit. 
The animal has a stout ])roboscis, long, pointed tentacles, and eyes placcid ui)on sliort 
stumps at the bas('. of the tentacles. The species of Hepturia are somewhat limp(‘t- 
lik(^, but with th(^ a])(‘X of the slu^ll bent towards one t‘nd. liny also have an 
operculum of a peculiar type, pai*tly embedded in tlu^ foot. The specit^s are j)rin- 
cipally met with in tropical islands. Among the fossil foians, lV/n/c.s voiwiden^ is 
int(*resting on account of its excejitioJial na^de of gi'owth. The top-shells ( 2'u 7*6 /a /.fAc), 
like those of the next family, have one characteristic in common, namely, a bril- 
liantly peai’ly layer biuieath tlu‘. outer calcareous surface. The animals of both 
groups are veg(‘table-feiidiirs and much alike, and ar(i ])eculiar on account ol tlui 
buitacular processes on tht^ sides of the fo(»t. In the Trochldw the opm'culum is 
horny, circular, multispiral, and with a central nucleus; in the Turhiiadiv, it is 
thickened with an outer shelly layer, consists of fewiT whorls, and often has th(i 
nucleus excentric. The latter family is tyi)itied by the gcuius Tnrho, which has Ixsui 
divided into a number of grouY)S or subgenera on account of difierences in this 
structure, l^hc species are fairly numerous in iro])ical seas, Imt rare in more tem- 
perate regions. Of the allied genus Phamnudbt only one sjx'cies (P. 'jm/luN) ]*eaches 
the British shon\s. Tin* Tmritvhfi havt; a wi<ler }*a.nge, ans far moni numerous, and 
occur ev(‘rywh(U’e from tin', Arctic to the Antarctic circles. The l)(‘auty oi sculpture 
and coloration of many of the species of the typical genus Tnfrlnifi is beyond de^scrip- 
tion, and can only hi'i appreciateel by an examination of the shells tlumiselves. Most 
forms are littoral, or inhabitants of shallow water, but a few, and theses among the 
most beautiful, have been dredged at enormous depths. Nearly twenty different 
species occur around the British coast, and some of them are extremely elegant in 
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form and structui’c. ^J'he family DclphinulidcB in many respects resembles the 
Trochuhv, and is represented only by the single tropical genus Delphinula, The 
<n'incrs {Haliotid<v\ although few in number, form an important family, on account 
of the economic value of the beautiful pearly shells which are employed in inlaying. 
'J'liey arc ear-sliaped, depressed, witli a very small spire, and the last wliorl, which 
pi-actically contains the entire animal, correspondingly large, and pierced with a 
series of holes commencing at the spire and extending to the fixjiit margin, in a 
line subparallel with the left side. The outer surface is calcareous, and often 
beautifully sculptured and coloured, but the interior is lined with the most 
brilliant pearl. The holes in the shell admit water to the gills through a slit in 

the mantle beneath, and on the edges 
of the slit there are three tentacular 
processes wliicli the animal passes 
through certain perforations. Hal- 
iotifi, like the limpets, has a large foot, 
adapted for adhering to rocks. Some 
of the larger forms hold on with such 
tenacity, that it is impossible to 
remove them witliout damaging tlio 
shells, except with the aid of hot 
water. The genus is most abundantly 
represented in Japan, California, and 
Australia; but is also met with in 
New Zealand, the Philippine Islands, 
Oceania, some parts of the Indian Ocean, and round the African coast, while 
one s}>eci(\s {H, tuherculaid) ranges as far north as thij Channel Islands. 
They are locally known as ormers, and are consumed in considerable (quantities. 
When properly prepared and cooked, they make a savoury dish. It is worthy 
of notice that Haliotis does not inhabit the South American coasts, nor is it 
found on the Atlantic side of North America. Until some fifty years ago, 
the tyj)ical g(inus of the family Pleiirotmwiriidai was supposed to be extinct. 
Four recc'iit forms are now known, one from Jajmn, one Moluccaii, and 
two West Indian. Two of these are larger than any of the extinct species. 
PlearotmnAiria has a trochiform, discoid, or globose shell, pearly within, with a 
more or less deep slit in the outer lip of the aperture; the latter being the 
characteristic feature of the grouj). It lias existed since the Palaeozoic epoch. In 
Trochuiomm , an alliiMl genus, there is a liolc behind the lip in place of the slit, and 
Folyiremarut exhibits a whole series of perforations. The anatomy of Pieuro/o- 
omtria shows that it has close relationship with Haliotis, Like Trochus, it is 
furnisluHl with a horny sqiiral operculum. A magnificent specimen of P. 
udmononia na is (‘xhibited in the sh(?ll -gallery at the Natural History Musemm. 
>SV/.ssa/v7/fr, is anothiT genus of this family, containing a number of very minute 
shells with a slit in the lip like Flearoto^tuvria; S. crispaia being a pretty 
little mollusc found in Britain. The members of the so-called key-hole limpets 
(Fissiirellidoi) mostly have shells like those of the limpets in form, but cither 
perforated at the apex, as in Fissarclla, slit at the front margin {E'niarginuLa\ or 



DOLPHIN-SHELL, IMphifuda lacinuita (iiat. size). 
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with a hole between the front ofl^o an<l the apex (JUmmla, PiLVctureUa). In 
Scutum tlie shell is less conical, and more elongate, and only veiy faintly sinuated 
at the front margin. It is white, and almost wholly concealed beneath the mantle. 
The holes and slits in these shells serve excretory purpos(\s. The animals are 
remarkable for their two symmetrical gills, and certain points in th(‘ir intc^'iial 
anatomy, which offer some resemblance to tlui bivalves. than a hundn^d 

species of Fissurdla arc known from all seas, except the Arctic. The west coasl 
of South America produces some of the handsomest kinds ; but the giant of the 
genus, F. {Lucapina) cremdata inhabits the shores of California. 


SECTION DOCOGLOSSA 


The second group of Scutibranchs comprises the families Acyna'idn^ Palcllidw, 
and Lcpetidcc, all being limpet-like molluscs, with a peculiar form of dentition, 
as already describcMl. The shells of these 
families are alike in construction, but the 
animals differ ('ssentially in their respira- 
tory organs. In Arymm there is a single 
branchial plume, or ctenidiiim, over the neck ; 
in Patella the gills are arranged in almost a 
circle around the foot ; and in LepHa the gill 
is cntirtdy wanting. In addition to these; 
differences the radula affords further distin- 
guishing characters. Limiiets are generally 
attached to stones and rocks, but when the 
thle isupthey (|uit their resting-place in quest 
of food, which consists of various kinds of 
Algie. As the tide ebbs they creep home 
again to the spot which each appropi*iates as 
its own location. The common limpet is one 
of the molluscs eat(;n on certain parts of the 
British coasts. With regard to the baiscity 
with w^hich the limpet holds on, experiments 
have been made showing that a forci; of 
sixty-two lbs., or one thousand nine hundred and 
weight, is required to detach it from the rock. 



UNDER RUIlFAUJi OF IJMPET. 

a, Foot ; h, Mantle ; c, Gills ; r/, Mouth ; 
r, 1\!iitaeles. 
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CHAPTER XI. 

Molluscs, — concluded . 

Chitons Tooth-Shells, and Bivalves, — Classes Amphineura, 
Soaphopoda, and Pelecypoda. 

The Chiton Croup, — Class Amphineura. 

The Molluscs included in this class may be re^^arded as aberrant gastropods, 
differing from ordinary forms in their symmetrical conformation, havin^:^ th(i mouth 
and excretal orifice at the two extremities of the body, and thcj tissues of the mantle, 
more or less spiculose. The symmetry which characterises th(^ external pai'ts also 
extends to the internal organisation. The gi*oup is divided into the two orders 
Polyplacophora- and Aplacophora ; and is regarded by some authors, and pei’haps 
correctly, merely as an ortler of Gastropoda, and not forming a distinct class. 

Chitons, — Order Polyplacoph( )UA. 

The well-known chitons {Chifimidiv^ are the only forms included in this 
order, and are externally recognised by their shells consisting of eight s(‘parate 

pieces or valves, as 
they arii termed, 
which are ari*anged 
over the back, and 
coniu‘cted at the sides 
by the tough margin 
of the mantle in 
which they are 
embedded. In most 
cases the valves are 
close together, extend 
right across the back, 
and are exposed ; but 
in some genera they 
are far apart (Cryj^- 
toplaor), and in others 
entirely covered by the mantle {C rypUychitoiii). The foot occupies the entire 

ventral surface of the body, and the mantle covers the upper surface, extend- 
ing laterally beyond the shell. This portion is known as the girdle, and is 
nearly always covered with spines, scales, or spicules, which, to some extent, are 



COMMON CHITON {CkUon stiuamosus). 
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DIFFERENT STA(3ES OF THE LARVA OF CHITON (llUlglliflc.ll), 


characteriRtic of the different groups into wliicli the Chitovidee liavc been divided. 
The gills are placed on each sid(‘. between the mantle and tlie foot, and vary in 
length. Adult chitons have neither eyes in their head nor tentacles, but the 
mouth is provided with a long radula, the teeth of which an3 arranged in a very 
peculiar complicated maiiii(‘r. The chitons are bisexuah but, like the limpets, 
destitute of certain functional organs. In tlu^ (‘arly stages tlu^ young chiton bcai’s 
no resemblance whatever to its 
parent. Tliia can be appreciated by 
observing the accompanying figures 
illustrating three stages in the 
development of Chilo}i unfrffinatwt, 
one of the dozen spi'cies found on 
tlui British coasts. Tln‘ embryo {A) 
is a splierical body, of an inch in 
diameter, divid(‘<l into two une(|ual 
paints, the dividing line b(*ing marked 
by a row of cilia, and a tuft of similai* cilia being situatiMl at thi' V(*rtex of tlu5 
smalliT half. The (yes are visible upon the lowm* portion b(‘low tlu^ cilia. In a 
later stage (/? and T) the division of the liack into (‘ight s(‘ctions is ri‘markable 
and uni(]ue in tlui Mollusca. At this stages the fcjot begins to develop, tlu^ forc^pai’t 
of the animal being ciliat(‘d. In latcu- stag<is of tlici development the eytis and cilia 
disappear, the foivpart slu’iidvs up into the ridgi^ surrounding the mouth, and tlio 
back develops the eight slicdly plates. It has alrc^ady been stated that the adult 
Chiton has no eyes. This is only trm^ as regards tlu^ head of tins mollusc, for 
Moseley made the discovtay that certain forms have th(‘. shtdl studded with eyes, of 

which as many as elc'ven to tw(dve thou- 
sand sometimes exist in a rmglcj individual. 
They are not unlik(i those already ridemul 
to as present on the back of (hich ulivmh. 
(/hitons live principally on i*ocks and 
und(a‘ stones at low water, or at moderate 
dejiths, but a few havci been obtained as 
low down as tw^o thousand thi*ee hundriMl 
fathoms. They are all marine, vmy slug- 
gish in th(‘ir movements, and, if disturbed 
from their resting-place, roll themselves 
up into a ball like a wood-louse. The 
number of reetuit species is considerable, 
and they appear to range all ovc^r tlie globe. Fossil remains of certain forms have 
been found in most geological periods, since the Silurian. 



EYED CHITON {SchizochUon iurhus). Anterior valve, 
with six rows of eyes (enlarged). 


Order Aplacophoua. 

The molluscs of this order arfi somewhat worm-like, with a mantle enclosing 
the entire body, but not s(icreting a shell, and more or less studded with spicules. 
They are redated to the chitons by certain points in tlndr anatomy, especially wdth 
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regard to the disposition of the nervous system. The respiratory organs, when 
present, are terminal and placed within tlie anal cloaca. In most of the forms the 
foot is reduced to a mere longitudinal groove, and does not appear adapted for 
a locomotive organ. The number of known species is limited. They occur at 
moderate to al)yssal d(ij)ths in the Arctic and Atlantic Oceans, from the Barents Sea 
to the coast of Spain. Two families constitute this order, namely, CluvUnlcrmaU 
idw and Net/ineniidiv, The former contains but a single genus, Chcbtodetmia, This 
degraded mollusc, at one tinui placed among the G(‘phyrean worms, has an elongate 
worm-like form, with an inflation at both ends. The mouth is t(irminal, and arme<l 
with only a single t(X)th — a poor repres(intative of the molluscan radula. The pedal 
groove is wanting, and the sexes arc separate. The only known si)ecies — about an 
inch in l(*ngth — occurs under stones on the shores of Norway, but has also been 
di-edgcid in deep water ofl‘ the coast. The Nromeiiiidid comprise the genera 
Proimmienia, ljei>ldoineni(iy Ifnnoutf, Parnwnt and 
which has been found ofl* the west of Scotland, rangers fjom Scandinavia 
to tlui Mediterranean, an<l is the best known. N, curiiiaiii is al)out an inch long, 
rather compressc<l laterally, curved longitudinally, with the back ket‘l(^d and the 
ventral side with a narrow fool-groove, extending the gre^atm- part of its length. 
1'lie mouth is unarmed with a radula, and the sexes are united in each individual. 

The Tooth -Shells, — Class Scaphopoda. 

Everybody knows the tooth-shells, i-i^sembliiig in miniature the elephant’s 
tusks, and ofbui found on the sandy shores of England. Tluy are sci(‘ntiflcally 
known as l)rn,tnl/iida\ and in former times were associatc^d with tin* maritie worms, 
their shells bearing a strong resemblance to the tub(‘s of certain aniu^lids. They 
ar(i more or less elongate, neai-ly always slightly curvc^l, and are bisexual. I'lie 
head is rudimentary, and in this resjM^ct the Hcaphopo<ls resemble thci bivalves. 
1"hey have no tentacles, (\yes, or ht^art, and the organs of respiration and circulation 

are rudim(*ntary. At the antei-ior end 
of the animal is situated the foot, 
which is not a ci’ceping disc, but 
adapted, like that of some bivalves, 
for burrowing in sand and mud, in 
which they live and obtain their f(X)d, 
consisting of diatoms and foraminifera. 
Thiiy are said to capture these minute 
organisms by means of a number of long contractile filaments with expanded 
extremities {teidavahi or capfacuJa) which are situated near the mouth, which is 
armed with a radula, and surrounded by labial palpi. The shell is c 3 dindrical, 
usually somewhat tapiiring posteriorly^, open at both ends, and generally white. A ' 
few species, however, are of a greiuiish tint, and others arc pinkish. They are 
smooth, longitudinally striated and I’idged, mostly circular in section, but a few are 
angular, compressed, and otherwise irregular as i-egards form. Some are simple at 
the narrow end ; but oth(*rs exhibit a more or less elongate notch or slit on the 
ventral or convex si<le. In some species of DenUdimn the end lias several notches, 




BIVALVES. 


iiiul ill Schiz(Hle nUdla Hi a .soiies of holt's takes the placti of a ventral slit. Fossil 

tootli-shells arc; nuiii(ii*ous from tlu' Dt'vonian t'pocli ii2)war(ls, but are most abinKlant 

in the Tertiaries. '.riui Jiving forms, of which about a 

huiidrotl have been (lt‘scrib(;(l, occur in all parts of tlui ^lobe, 

and have been dredged at the greatest de|)t]is, although 

they are probably most abundant in a few fatlioms. \ a 


Tjie llivALVEs, — Class Pelecypoda. i | 

This great division includes all forms which ‘u'Cieb a 
bivalved shtill, like tlie oysit'i*, cockle, and mus;;(‘l. fiW V 

Pelccypods offer a diffta-eiit ty2)e of ta-ganisation frmr ibat ^ 

2)revailing in the other classtns. ^’’he. absence of a hi‘ad, and < 

th(i bilateral symmetry of the animal, enclost'd within a / 

])ivalved shell, are charactt'ristic t)!' tlie class. Hie mantle 
is divided into two similar lolx'S (//), right and left, forming / 

a Hap on either side of tla^ body, to whicli it is conneett'd ^ 
at th(^ ujiiK'T ])ai‘t beneath tlie hiiige-liiui of the shell. It is 

usually viuy thin, exc(‘])ting at the edge's, which are. some- skctidn ok animal ok 
. . Ill j 1 f 1 1 I 111 J)fnt<ilii(ni (oilargcd). 

times double or even thnniiold. in some gi'in'ra the; (uigt's 
of tho two IoIk'S are or XHicounecte<l at any jioiiit 

exceiiting at the dorsal attachment, in otliers tie y are joint'd Mouth i)r()(vss; c, 

in one or more plact's, It'aving orific(JS for the ])!*otrusion of 

the foot (o) ill front, and for the entrance of the wattT to luuts ; y, J Posterior cud. 
th(‘. gills (d, c), and foi* thtj tixtrusion of waste and other 

mattt'r at the posttu-ior end (/). The mantle at this i>osterior opiming is oftt'ii 

considerably iiroduci^tl, formi.ig ont^ or two 
•f distinct tubt'S or sijihons (//), which vary 

_ ctuisitlerably in h'ligth in dilleriait groiqis, 

^ etjualling in some instances several times 

"m length of the shell. The extreme 

v’ '/'Ira dt‘ve.lo[>mi;nt of tliese sijihons obtains in 

fl ’ Wi if i jtt J 7V'7V'(^^ ht're thty constitutti tilt' j)i inci 2 )al 

f'''' I''''"''' '■ 1 mass of tlie animal. Some peleeypo«ls 

|Sfi *" mianbi'r being 

liiyi';' enormously develojied in the razor- shells 

(S()[rif\ for exam])le. In others it assumes 
' smaller dimensions, or it may be absent, 
ly '"^-9 oystei*. It is used either as a 

' ^ jw means of locomotion, or for burrowing in 

jr sand or mud, or piuforating rocks, wood, 

V ' 'i 'i 'ir other substances; its form conse- 

(lumitly being very variable. TIk^ mouth 
/iW I I 2 s situated at the anterior end of the 

i Ji lx)dy, at the ujiiier front part of the foot, 

SOFT-PARTS OF uivEii-MussEL ( J foniiing a siiiiple transverse aperture. The 

VOU VI. — 26 
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lips, upper and lower, are usually prolonged on each side into two lobes (c), or labial 
palpi. These vary in fonn, but are mostly triangular. In some groups they arc 
very large {Tdlinidii^, but in others they are practically wanting. The mouth is 
not armed with jaws or radula, for in creatures which never prey upon other 
animals, or go about seeking their food, such structures would be useless. Bivalves 
obtain their food — consisting of microscopic organisms — in the course of respiration. 
Whatever is carried in by the inflowing current is collected on the gills, and then 
conveyed by the palpi to the mouth. The leaf -like gills {d, e) are aiTanged on 
i^ach side of the body, and enclosed by the mantle. Each gill is partly attached 
by its upper or dorsal margin. This gives rise to two rows of hollow filaments, 
which are in a few cases simple and disposed in opposite directions, but are 
generally pai^allel with one another and directed towards the ventral side, with the 
fllanniiits long and refolded upon themselves, so that each row forms a double 
lamella. These filaments are united one to another by cilia. The gills and the 

inner surface of the mantle - cavity are 
covered with microscopic cilia, which through 
their vibratihi motion produce tlu*. cuiTcnts 
of water m^eessary for respiration. The 
water generally flows into the pallial cavity 
at the posterior vcmtral side, and then? is 
filtered through the gills, passing out again 
})osteriorly through the anal opening. Tlui 
nervous system consists of thi’ee pairs of 
ganglia, a cm-ebj’al or supracesophageal, a 
pedal, and a visccn-al pair. The cerebral 
ganglia (1) ai’e mostly placed alK)ve the 
(esophagus, the p(Mlal j^air (2 ), as tlu^ir name 
implies, within the foot, ajid th(‘. last ])air 
(3) an^ situated in front of or just beneath 
the posterior adductor muscle. 

Most pelecyj)ods an^ midowed with the 
senses of touch, smell, and hearing, and some 
are jjrovided with eyes. These are found 
either uj^on the edges of the mantle or at 
the end of tlui siphons ; and in some forms, 
such as S/ttnidf/la-s and IWten, th(*y are highly dcvelopcid. The sexes are generally 
distinct, but occasionally united. The young are produced from eggs, which are 
(‘itlier cast fj'(*e in the watt‘r, or ai-e hatched between the branchial lamcjlhe of the 
])are,iit. The sluill, as already stated, is composed of two pieces, right and left valves, 
which are pi’otective of the soft parts, and correspond each to a lobe of the mantle. 
They are generally of eciual size and shape, but in certain gi-oups they differ con- 
siderably in these respects. They are nearly always joined dorsally by an elastic 
ligament, or rmUminy and often interlocked at the same place by projections on 
the edges of the valves, termed hinge-teeth. In the majority of species the valves 
shut closely together all }*ound the edges, but in many they gape at one or both ends, 
or at the ventral side. In certain species of IHniia the two valves are actually 
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united alon^ the doi*sal inarrrin, but they are never conncHitcd on the ventral sida 
Bivalves clothe tht‘ir sln^lls w ith a more or less distinct poriostracum, which is some- 
times thin, smooth, and shining, and often of a yellowish or olivaceous tint, or it 
may be thick, pilose, velvety, or rugged. It has been already noticed tJiat the 
valves are nearly always connected dorsally by a ligament. This is not, howtiver, 
the means by which they are held together, or closed with such force; this closut-e 
being effect(;d by one or two muscles (adductors), firmly attached to the inner 
surface of the valves, and en< lowed with such power of contraction, that it is an 
impossibility to forcii them apart with- 
out injury. Thi', phices of attachment 

of these muscles (m, on') are generally ^ , ( N. 

visible, as well as oth(;r minor scars ^ ^ ^ ^ \ tti 

caused by the pedal retractci muscles. # 

impression, is often quite distinct; it is 
parallel with the lowtn* maigin of the 
valves, and, in soinc^ groups, is more or 
less <leeply sinuat(Ml (n) bidow th“ ^ 

posterior adductor imj)ression. All valve of Mentru'.. 

pclecypods are acpiatic, the majority a. Anterior; U, Posterior ciul; r, Unilio; d, Veiitriil 
being marine. They are less nuinerous ro,U‘,nor ; 

than gastropods in s[)ecies, but in in- 
dividuals ar(i tit pn‘sent, as in jjast tiges, relatively ftu‘ more so. They tire found tit 
all depths, from low-water mark ; many having been dredged in more tlnui two 
thousand fathoms. Bivalves, however, are most abundant in shallow watei*. They 
live buried in the stind or mud, or attached to rocks and other substtuices, (dther by 
the shells themselves, or by nutans of a consisting of horny fibres secreted by 

a gland near the extremity of the f<.)ot. Others bore into rocks, W(K)d, and other 
substances, and a few take up their al)od(i in the tests of certain Tunicata, and in 
sponges, in the groov(‘s of sea-urchins; and oiu? species {Entovalva) lives parasiti- 
cally inside a sea-cucumber. Dr. Pelseneiu* divides the class into live ordei’s, based 
mainly upon the stj'uctui’e and irioi’jdiology of tin* gills, but at the same time upon 
the general conformation of the animal. To <*xj)lain in dcjtail the diffcTcjiitiating 
anatomical charactei’i sties of these orders wouhl Ik*, beyond the scope of the ])resent 
work, and conse(juently only salient features can be mentioned. 


LKi'T VALVE OF Mervtrhi. 

u. Anterior; hy Posterior ciul ; r, TJnilio; r/, Veiitriil 
iimri^iii ; ///, Anterior lulduetor bcjii* ; w/, PosU'-rior ; 
tiy I'ullial sians. 


Order PUOTOIUIAXX'HIATA. 

In these bivalves the gills have simple unreflexe<l filaments, disposed in two 
rows in opposite directions; the foot being expanded, with crenulated margins, 
and with scarcely any byssal gland. The families Nunilidoi and Holf^vomyidce 
constitute this order. The molluscs belonging to the former arc all marine ; and 
have the mantle free all round, or forming two small poskirior siphons. The gills 
are small, but the labial palpi very large. In the typical Nwida the shell is 
small, more or less triangular, generally covered with a greenish olive periostracum 
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without ti palliiil sinus, and pearly within. The hinge is coiuposed of numci’ous 
pointed interlocking teeth on eacli side of the cartiJage-pit beneath the uniboncs. 
Unlike Nucula, tlie gtjiius Nnvalinti is provided with two small adjacent siphons. 
Tlie sliell is usually somewhat produced or beaked posteiiorly, has a slight pallial 
sinus, and is not pearly within. The hinge-teeth and the resiliuin are as in 
Nucula. Yoklia is like NuctiUna in shape, but has longer siphons, and the 
periostracuiii more glossy. The shells of Malletia are like those of Yaldia, but the 
ligament is external. NuciiUt and Nuculina have a world- wide distribution, and 
arc numerously represented in species. Yoklia an<l Malletia, on the coiitmry, have 
comparatively a few representatives in Arctic, Nor-thern, and Antarctic regions. 
The fossil forms belonging to this family are far more numerous than the recent, 
and include several generic groups which no longer exist. In the second family, 
Solenoiiiyuke, the animal is remarkable for its proboscis- like foot, expanded at the 
end into a flattened disc with a dentate edge. The mantle is unitcnl ventrally, 
but open in front for the passage of the foot, and posteriorly for tlui siphons. The 
shell is (dongate, compressiHlly subcylindrical, without hinge-teeth, and clothed with 
a thick dark chestnut-coloured horny poriostracum, which, when dry, is very 
brittle. Only about six species of one genus, Solenoinya, are known, but these are 
widely distributed, being found in the Mediterranean, on the (^ast coast of >Jorth 
Amoi'ica, in Patagonia, the Indian Ocean, Australia, and New Z(;aland. 


Order FlLlBHANClIlATA. 


In this group the gills are smooth and their parallel filaments are directed 
ventrally, reflexed, and provided only with ciliated intt*rfilamentary junctions ; 
the foot being usually furnished with a byssal gland. In the family 
tlu? shells of the typical genus Avonoia are genm-ally very irn‘gular in their growth, 

inecpii valve, and somewhat pearly within ; 
the more convex valve l)eing remarkable for 
the large numbea’ of muscular impressions, 
and the flat valve for a perforation near the 
hinge. This apcu’ture is for the passage of a 
calcified byssus by means of which the 
mollusc attaches itself to rocks and stones. 
The animal has a small foot ; the mantle is 
free all round, and there is but a single 
central adductor muscle (ni). About forty 
species are known, two of which occur in 
Hritain. Placimia is another genus of this 
family, in which the shells are very flat, with- 
out any byssal opening ; the valves being thin, 
somewhat nacreous, with two long divergent 
hinge-teeth to wliich the ligament is attache<l. Alx)ut half a doziui species from 
the Indo-Pacific Ocean arc known. P, sella 1ms a somewhat wavy or cockled 
appearance, and is known as the saddle-oyster, on account of its saddle-like form. 
The arks {Arcida) are neaily all strong heavy shells, generally equi valve, but in 
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iiioHT SIDE OF Anomia, with shell uemoved. 

a, opening for hinge ; w. Adductor iiiusde ; n, 
Oalcified byssus. 
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Romo instancos nioro or Jc*hs iiK^quivalvo ; and always romarkablo foi- tlioir sti-ai^lit 
}iingi‘-lino, furnislit‘d witli vi iy numerous The form is variable; but the 

valves are g(‘nerall}' radiately i’ibbed, and nioi*t‘ or loss eovi‘i‘e<l with a periostraciini, 
which may be smooth and tliin, or thick, an<l very ru^^ed. Tluy may (dther meet 
all round when closed, oi* may gapti ventj-ally for the passa;;e of a byssus. Tl)en^ arc 
two adductoi*s far apart, and the pallial line is simpli\ The species — Ixjth recent and 
fossil — are vmy nunujrous ; and at tlui j)rosent time occut* in all seas, some liaviujLi^ a 
vcuy widt; distrilmtion. For in- 
stance, the little Amt htvipd^ 
wliich is found on the Rritisli 
coast, also occurs in tin* 1*1 n lip- 
pine Islands, the Red Sea, Soul li 
Africa, Ascension Islaral, and the 
Mediterranean; and another 
species (yl. (‘(trpulntfff) has b(;en 
dredged off North Australia, 
south of Amboyna, in Mid-Facilic, 
and off the coast of Chili, in 
depths ran^in^ from two hundred 
to two thousand four hundr(‘d 
and twenty-five fathoms. In the 
allied IWtinfeidii^s the shell is 
rounded, strong, ecpiivalvc*, with 
the hin^e-teeth in a cui-vimI liiKi; 
the outer surfaces bein^ sometimes 
covered with a v(‘-h (^ty oi- pilose 
periostracum. Llinapsls some- 
what resembles BtHu uevhis in 
form, but the shells are moj-e com- 
pressed and clothed with a fibrous 
periostracum, and the, animal 
spins a byssus. S(!V(‘i\‘il of the 
species have been dred^t^d at 
enormous <](!pths in the Atlantic. 

The ^eiius Trhpnna, rej)resi‘nted 
by alxmt half a doz^n species 
occurring on the shores of 

Australia, is all that now remains of the large family Trlffottidhr, of which se,v(uul 
other genera, with a very large numlxjr of sp(5ci(*s, (X’cur fossil in tin? Scicomlaiy 
and Tertiary rocks. Tlu^ valves of Trigovi^t ar(j b<‘autifully pearly within, <;<jual, 
radiately ribbed, with an extcnial ligairumt, and a f(^w stnnig sti’iated diveigent 
hinge- teeth. The umboiies are inclined posteriorly — a v(‘ry unusual feature in 
bivalves. The foot of tin? animal is large and powerful, used in crawling and 
leaping, and without a byssua In some of the Jurassic rocks of W(*y mouth 
trigonias form a be<l several feet in thickness. Mussels (family Mgtiiid(v) arc 
such well-known shells that a description is unnecessary. They are found all over 



rOMMON MVHHfA. { rfhtfis), (:i.()HKT) AND Ari'AClIKD in TIIK 
ItYSSUS (ll.’lt. sizf). 
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the world ; one very large species from the shores of California sometunes reaching 
fully 9 inches in length. They anchor themselves by a byssus, but also have the 

power of moving from place to place, by 
r- casting off* tlu^ byssus, exten<ling the foot 

f f in the din'ction they determine to proceed, 

a- and attaching a byssal thriiad, wliich 

^ supports the animal while the foot is 

g If / / \ again extended and another thread spun. 

jif I f I V il This process is repeated again and again, 

^ iH |fk yj i and thus progress is made. The structure 

^ of the animal may be underst<x)d by 

- observing the accompanying illustration, 

® WT/Mii y I where a represents the edge of tlu^ 

f z mantle; h, the foot; c, the byssus; rZ.c, 
foot -muscles; /, the mouth; i), the 
H i? iM [ip ^ * j labial palpi ; /t, mantle-lobe ; and i.j\ the 

^ li ^ \ r ^ W ■ inner and outer gill-plates. To the same 

^ ^ / family belong the date -shells (Litho- 

domus), which, as shown in the accom- 
panying illustration, are stone - borers. 
The shells are date-like, thin, and covered 
OHCAN8 (iiat. Hizo). With a yellowish or brown periostracum. 

The boring is chiefly efleebid by the foot. 
The columns of the temple of Scrapis at Putcoli are perforated by a species of 
these molluscs, at a point far above the present sea-level, thus showing that theses 




COMMON MUSSEL, OPENED TO SHOW THE VARIOUS 
ORCANS (iiat. Hizo). 
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Order Pskupolamellibiianchiata. 

TJic frills in this order arc folded, and their filaments funiislicd with conjunc- 
tive or Vciscular intcrfoliary junctions ; the mantle being free all round, and the 
foot small or absent. AvicidUlic, Erasinidcv, OdreUkv, rcciiuidai, LimUlw, 
Spoiidylidce, and JJimyidcb are the families constituting this order. The first 
family (Aviculidcv) is of importance as including the pearl-oysters. The shells are 
mostly compressed, but vary much in outline. In the typical genus Avicula the 
shell is oblique with a straight hinge-line, more or less produced into wings, wliich 


2 





PBAlir.OYSTElls uat. Kizo). 


are sometimes Ion}; and slcmliir. In the pearl-oysters, tlien; are, Itow- 

ever, no winjpt, and in the case of M. VKirr/aritiff ra the sliells Ix-come very thick 
and lieavy. 'J’his .species is otk! of tlie princi)>al p. arl-pn)<luc(>rs, and is hir};ely 
collected hy divei-s off tlu* north coasts of Au.strali.a and otluir places, not only for 
the pearls which tlusy may contain, but also for the .shells themselves, which 
are valuable as mother-of-pearl. Until recently, the fisheiy was can-iisl on by 
native divci-s, but now the divin};-dress is largely employed. The C(>ylon pearl- 
oyster, J/. /iwaht, is much smaller than the Australian species. This fi.shery has 
been carried on for over two thousand years, and tin; accumulation (jf .shells is so 
enonnous as to ext«m<l for miles several h^et de(!p. The shells are thin and of 
little usfj as mother-of-pearl, consef|uently they are thr<nvn away, aftei- being 
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examined for pearls. Pearl-fisl\ing is also caiTi'cd on in the Persian Gulf, the 
South Sea Islands, Panama, West Indies, and a ftiw otluT localities. The spherical 
pearls, like tlio shell itself, are produce<l by the mantle, and pi*(d)al)ly otlnii- paris of 
the animal also. Th(‘y consist of layei*s of pearl, deposited ]*oiind some fonu^n 
substance wliich has intruded itself within the shell. This may be a grain of 
sand, but is said to be usually an egg of the mollusc itself, which has not properly 
developed. The hammer-oyster {Malle'kis), Vulselki, Crevatula, and MeJma are 
other interesting existing forms of AviculUliv., and many extinct genera have 
bfHUi r(‘ferred to this family. 

The shells of the oysters are so familiar that no description is 

necessary. The animal 
has no foot, ami the 
mantle -lobes are free 
nearly all round, the 
borders being fringed 
with short papilhe. 
The shells, excepting 
in the very early 
stages, are closed by 
a single adductor. The 
s(^xes are separate* in 
the American oyster 
( ( hi mt vituji )i/kina\ 
but unit(id in the 
British 0. nhdi». In 
a gastronomic point of 
view the oystcu* stands 
far above all other 
molluscs, and its ai*ti- 
ficial cultivation was 
practised by the 
aiici(int Romans, and 
at the j)r(‘sent time 
forms a most import- 
ant industry in many 
parts of the globe. 
The oyster is veiy 
])rolific, a single in- 
dividual of the common spc'cies having In'en estimated to contain over a million 
embryos, whilst the Americjin form is said to discharge ten times as many. 
0. edalw is not full-grown until al)out five to seven years old. Oysters are 
incaj^ablc of motion, and attach themselves to other shells, rocks, and other 
substances by the convex or (keeper valve. During May, June, and July, the 
eggs are discharged into the gills, where they remain until hatched ; and it is 
during this period that oystt^rs arc out of season. Oysters are cosmopolitan ; 
wherever there is a rocky coast, excepting in Arctic climates, they are sure to 



ONE VALVE AND HOFT-rAllTS OP COMMON OYSTEU. 
r/.. Position of iiiouili ; />, Mantle ; r, AiMuc.tor ; .Tunction of iiiantle-lolKJs ; 
r, (nils. (Nat. size.) 
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be found. They are irregular in their growtli, and consequently the' <l<‘ter- 
inination of the species is a inath'r of diHiculty. 1'he pectens oi' scallop-shells 
{FvcthiUkv) are I’eniaikable for th(‘ variety and beauty of their coloi-ation and 
sculpture. In most specii‘s the shells are nearly e(|uivalvc'; but in a few, ol* 
wliich the common edible scolloj) is an example, tlu^ I’ight valvi^ is convex, and 
the left flat. One species {Pcclcth 
jdcohams) of the Mediterranean 
was worn as a badge by pilgrims 
who had been to th(‘ Holy Land. 

Most of the }K‘ctens are orna- 
mented with radiating i*ibs, Imt a. 
few are smooth. Som<‘ swim 
freely by flapping tlu'ii* val\ (^s, 
others live permanently attaclied 
by a byssus. The animal has 
the mantle fi’(‘e, and frequently Tx^ars a row of bi‘ightly col()ui*ed eyes on the 
margin. The foot is small, the gills are extn'iiK^ly d(‘licab‘, and th(‘ single adductor 
muscle in the adult is excc^ntric. 1'hey are g«‘nerally hermajdnodite, but sometimes 

th(^ S(‘XC‘S an‘, separate. 
Mor<‘ than a hundred 
sp(‘ci(‘s from all ])art.s 
of the world and all 
d(‘pths have. b(‘(*n 
d(‘scrilM‘d. T(?n occin* 
on tlu^ Ih’itish coasts, 
and fossil spc^cies are, 
num(‘rous in all forma- 
ti()ns, fiom the (varboni- 
lerous. Hi iil(‘-sh(‘.lls 
{Llntida) somi^what 
r(‘S(‘mble th(‘ sca,lloj)S, 
but are neaily always 
whibi, and th(‘ (‘dg(‘s of 
the mantl(‘, which have, 
no ey(‘s, are furnislu'd 
with long tentacular 
fllaments. Somc^ swim 
freely by fla.[)[)ing their 
valv(‘S, others attach 
th(‘mselv(is l)y a byssus, 
or, as in the accom])any- 
ing figure, construct a 
iKist of l)roken shells, 
stones, and oth(u* substanc(*s hehl tog<*th<u* by a network of byssal threads. 
The two largest sj)eci(is occur off the coasts of Norway ami Japan. The recent 
species of the chief genus (Limn) are not numerous, and softio (Xicui* at 
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great deptlia. The fossil forms, on the contrary, are more abundant, from the 
Carboniferous age, and some of the species from the Lias {Plagiostcmia) are of 
very largo size. The members of the allied family Spondylidoi are known 
popularly as tliomy-oystcrs, on account of the spiny character of their sur&xce- 
ornaincntation. In general shape they are rather like the pectens, and similarly 
brilliantly coloured; but they have much more solid shells, and the liinge consists 
of powerful interlocking teeth, wdiile the animal has no byssus, a more rudi- 
mentary foot, and lives, with a few exceptions, attached by one of the valves to 
rocks and stones. The ligament of S'pmidylus is internal. The single adductor 
muscle is a little cxcentric, and the mantle-margin has a row of eyes. 

Order Eulamellibranchiata. 

In this order the gills have vascular, interfilamentary, and interfoliary 
junctions ; and the mantle is always united at one or more points, and tliere are 
generally two adductor muscles. The order is the largest of all, and compris(\s 
nearly sixty different families, of which only the most important or i*emarkable 
can be mentioned. In the first (Submytilacea) of several suborders into which 
the order is divided, mention may be made of a curious little speci(is of the 
family Carditidee, namely, Thecalia coTicamerata, which is a native of South 
Africa, and remarkable for a cup-like process formed by the femahj within th<i 
ventral margin of the valves, serving as a nursing-pouch for the young. Milveria 
minimal, a Californian species, forms a similiar marsupium. In the family 
(fyprinMai, Imcardia cor is one of the finest of the British bivalves; and is a 
largo stixmg glol)ose sln^ll, with the uml)ones prominently curved anteriorly. The 
ligament is external, and the liinge-teeth are strong and of p(‘cnliar form, 'ilie 
animal has short siphons, large gills, and a small foot for lairrowing in th(^ sand. 
In tlie Liicinhhn the shells are mostly white, round, gloliose, or compi*essed, and 
peculiar on account of the great length of the anterior muscular scar, which falls 
within the uninterrupted pallial line. Sometimes the animals liavti only a single 
branchial lamella, and the f(M)t is generally slender and without byssus. Tins 
families Lcptmiidaiy Galeo7mnidtv, and Chlamydocmichidai also belong to this 
ord(ir. Lepton often lives commensally with Cnist^xcoa, GfdcoinvKi lias the mantle 
reflectetl over a considerable paiii of the valves, and in Vhlamydocoiichd, the shell 
is wholly covered by the mantle, a unique feature among the bivalves. The family 
jEiheriidiC includes a few remarkable bivalves known as fresh - water oysters. 
They occur in the Nile and some other rivers of Noiih Africa, and some parts of 
South America. When young, yEthcria is a freely creeping mollusc, but when 
adult becomes attached to stones and other subsbinces like the oyster. The shells 
art^ irregular in their growth, and are of an olive-green colour. The somewhat 
pearly interior of the valves is marked with two adductor scars, an<l the pallial 
line is entire. They may bo regarded as irregular forms of UnionUliC without 
a foot, modified for a sedentary life. 

The numei*ous kinds of fresh- water mussels (Unionidcc and Mutcluhv) occur 
in the lakes and rivers of all continents, and the large islamls of the Malay 
Archipelago and New Zealand ; although in most of the smaller islands they 
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are unknown. North America, and (\specially the draina|:j<‘-area of tlm Mississippi 
and its tributaries, is the ^reat lioine of the UivUmkhv. The sjiecit's may 
be counted by liuiidnMls, some lH‘ing the most remarkable and beautiful that 
exist in any pai*t of tlu^ ^dobe. Tlie shells are usually t‘(jiiivalv(», and joined by 
an external ligament, but (exhibit gn^at variation in shape. The hinge is sonu^- 
tiines destitute of teeth {AncKloiita, Myvetopvsi)\ or powerfully formed witli 
strong complex interlocking teeth, as in many of the North Amei'ican forms; or 
it may consist of very numerous teeth on a straight hinge-lino (Pliodon), 
recalling tlie form of hinge obtaining in the Arcidai. The extenor is covered with 
a thick, often glossy periostracum, varying in colour, tlu^ prevailing tints being 



LAlKtE JtlVKU-MUSSEL, AiunhniiH *uf(/nca {iiat. size;. 


greenish olive, brownish yellow, brown, and black. Many are beautifully rayed 
with green. The solidity of many of the species — especially the. North American 
forms — is remarkable, although others are tljin and fragile;. Some are ])(;arly 
within, and others white, pinkish jmrple, salmon -er>h)ur, yellow, or iri<lesc<;nt. 
The shells are marked with two adductor scars, and the p(‘da,l scars an; also oftem 
clearly visible, whih; the ])allial line is uninteri-upb d by a posterior sinus. The; 
animal of Unio has the; lobes of the mantle free, excepting ])ost(‘riorly, wh(‘n‘ 
they arc connected, fomiing two orifices, the lower or bi-anchial for the passag<; of 
the water to tin; gills, and tl»e upper for (;xcr(;bil purj)OseH. The fonner is 
fringed with several rows of i)apillaB. The foot is large, thick, tongue-shap(*d, 
and used as a creeping and buirowing organ. TIk; sexes are unit(;d in tlu; 
European species, but distinct in the American. A remarkable f(;ature in con- 
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nection with tho ITiiiovidai is tho parasitic litV, of the early stages. The eggs, 
after being hatclu'd b(‘tweeu tlie gills of the parent, and having iindcM-gone the 
fii’st stag(‘s of d(‘V(‘I()pinent, subsequently develop into minub^ bivalves, each valve 
having a hook-Iik(^ process on the front edge, and aix^ expt^lled from th(i brood 
pouches. They at once attach themselves to some extraneous obj(^ct, by means of 
a byssal thread, and at this stage are known as GLochidia. Tiny attiich them- 
selves, as soon as possible, to the gills and other paiis of fishes, by means of tin' 
valve-hooks, and there complete their metamorphosis, finally quitting their host, 
sinking to the l)ottom, and assuming the parent form. Four species are found 



I’KAIIL-MUSSKLS (r/. to i.Ktrf/orUifei')^ showinu pearl within the siikt.l, and DKTACHKD PEARI-S (1-8). 


in Britain, one of which (Unio margaritifev) is famous for the pearls it 
produces. Some of the rivers of Scotland, and the Conway in North Wah^s, 
have always ha<l a great reputation for their piiarl- fisheries. Although not (‘xpial 
in lustre to the Oilental jewel many of these river pearls are beautiful. Unlike 
Unio, the Drvimensiuhv, as represtmted by Jhrif<snisl(i^ have the mantle-margins 
united ventrally, with an anterior opening for the slender foot and byssus, and 
prolonged posteriorly into two siphons. The slu‘11 is shaped like the common 
marine mussi;!. Tlu^ Eui’opt^an JK 'jtoh/rnorpha was fii’st noticed in England about 
seventy years ago, and is supposed to have been iritroiluced attached to 
Russian timber. 

Sulxirdcr Tellinacea. 

This group includes the families TellinUhv, SrrohLcuJuriiihv, DonacidiV, 
MtuirkliV, McsiHlvsmatidiV, and (Utrdilihhv, the first of which is the most ex- 
tensive, and contains the most bt.'autifiil forms. Here the animal is remarkable 
for the great length of the slender separated siphons, the fringed mantle-margins, 
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and largo labial palpi and foot. Tlu‘ shells are nt'uj ly always ef)nipiessod, subotpii- 
valve, joined by an (‘xternal ligain(‘nt, and fiirnislied with hinge-teeth. . The seal’s 
of the ad<luetors are far apart, and the pallial inipri*ssion is g(‘m‘rally very deeply 
sinuatod. Nonti of the bivalves are more beautifully coloured than the tellens, 
the prevailing tints being pui*ple-red, crimson, and various shades of yellow. 
The surface-sculj)ture of tlie valves is often beautiful and delicate. Telh^ns liv<* 
ill sand or mud at slight depths in every sea, and tlie species may l>e counted in 
liundreds. IS'ine species of Tcllhia are llritish. I'he Srrobivfd(irti(hv foi’iii a 
smaller and less showy famil^^ than the preceding, the shells Ixung united liy an 
internal ligament, and sometinu's by an external one also. 'Jdie soit-pai’ts arci 
like tliose of the Tellividtr Some species of the genus Ahr*^ have been dredged 
at enormous depths, both in the Atlantic and Tacific j>ut the majority of the 
family have been obtained in <-oniparatively shallow \vater. The British Swob!- 
cabtrtd buries itself in the mud of estuaries, and can extend its siphons 

live or six times the length of its sladl. Although in some n^spects the wedge- 
shells agree with the Tdl i n ihoy ditter as regards the gills. In 

Dovox the sh(‘lls are of a triangular or wedge-shapt^ and have the inner margin 
of tlui valves ci’enulated. They are united by an (‘xttu’nal ligament, and furnislnal 
with cardinal and som(‘times lateral teeth. The wixlgi^-shells live buried in the 
sand in shallow water in warm regions all ov(‘r the world, and three spcicies occur 
on the British coasts. The genus J pldijeoio, which has no lattu’al t(‘eth, inhabits 
estuari(‘s on the coast of Africa, Brazil, tlu’ West Indies, and Central Amei’ica. 
In the niactras (^Madriihv) the sh(‘lls are <iften morii or less triangular, and 
have an internal ligament, the siphons Ixdng unit(‘d tht^ entire length, and 
fringed at the (‘uds. About oiui hundred and fifty spi*ci(‘s of Mitrtra are 
known. They occur on sandy shores in most })ai’ts of tlui WHU’ld at shallow 
depths, six being British. 'Jliis family com])ris(‘s a large numbi‘r of gi'iiera and 
subgi‘.nera, mainly distinguishe<l by modifications of the liingi’s; 

Sjtisahf, Sto lolclUfj IbuHfio, Jbvlo, nud Eosfoiiio, hoiu^ thii more impoj’tant. The 
remaining familes, Mesiulcsoodldo^ ami (%i id illtda% ai’e not of special importance., 
and may be 2 )assed wdthout further reference. 

Suborder Veneraoea. 

In the Vmrr!do\ which foiin th(‘. fi]>t family of this group, the animal 
has i-ather short, mort^ or h^ss unit(*d sijilinn.s, wdth fringerl opi‘nings. The 
mantle is ojK'n in fiont foi* the ]»assage of a toiigm‘-like foot, which is sorn(itini(;s 
furnished with a byssus. 1'he shells are. solid e«|ui\alve, and oft<‘ri licautifully 
coloui’cd and sculi)tured, wn‘th the hinge-t<M*th larg(‘ and divergent, and thci 
ligament cixternal. In the typical genus Venus the shidls are more or less 
circular, globose*, and oft(*n have the* surface cancellateel, an<l the inner edge, of the 
valves crenulated. Then; are sev(‘ral British forms of Vene'td//(v, but none are 
(^aten to any great extent. On the contrary, tin ^ large*. Ven us tnercfruo via — the; 
clam of the Atlantic State's e»f Nen-th Atiu*rica— is sohl in large epiantities. in 
the fish-mark e^ts of Ne‘W Veirk ami Bhilaeledjdiia. In Jjosl/nia the shells are 
more compressed, circular, and marked within wdtli a deep, narrow, pallial 
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sinus. In V/irce, on the contrary, the niantlc-iiiiprcssion is unsinuated The 
shells of Tapes are longer than the typical forms; the foot is long, grooved, 
and fre(iuently furnislKid with a byssus, the siphons being separate at the 
ends and beautifully fringed. They are most abundant in the wann seas of 
the Eastern Hemisphere, but four species range as far north as England. The 
large sj)ecies of the allied genus Cyrena are found in brackish water at the 
mouths of rivers, and in mangrove-swamps; while the smaller forms known 
as Corhicula, {iphcerinmi, and Fisidinm occur in fresh water in most paHs of 
the world. The shells of the last two groups are very similar, but the animals 
are readily distinguished by the number of the siphons. In Spluerium there are 
two wliich are united at the base, but separated at the extremities, wliereas in 
PisUlium only a single anal siphon is present. In this genus the water is 
conveyed to the gills through the pedal opening of the luantle. Therti are four 
British spcicies of SphteriuTti, and fiv(i of Pisidmiti, all of which possess the 
faculty of floating in an inveHed position at the surface of the wat(.‘r, or tliey 
susj)end themscilves from the surface by a flue byssal thread. Oik', si)ecies 
]HjUiillii'tn) does not i-equire a constant, or even a fi-equent supply of water, often 
living at the. iwts of bog-moss and grass, and it has also been found between the 
bark and wood of fallen trees in moist places. 


Suborder Oardiacea. 


The CtmliUhe, Tridmnidw, and Chmnidai are the 2n-inci2)al families bc^longing 
to this suborder of which there are living representative vs, l)ut a few extinct 
families, such as th(^ H bp'puritidwy are also considei*ed to belong lu;ri^ Th (5 cockles 

(Cardiidw) abound in shallow water in most 



parts of the world, whi‘re there are sheltered 
sandy bays. Some of the exotic forms arc 
l)eautifully scul2)tured, and their colours also 
are often very bright and varied. The animals 
have short fringed siphons, and the long foot is 
bent and used for leaping. Probably many are 
eatable, like the common cockle. In addition 
to this kind, nine sj>ecies are found on the 
British coast. The typical species of Cardium 
have the convex valves ribbed, the ribs inter- 
locking at the margins. In Livvicardiuin the 
shells are smooth, in the beautiful Cardissa they 
arc flattened, heart-shaped, and keeled at the 
sides. The true clams (Trklacnidai) differ from 
other bivalves with united - mantle -margins in 


VALVB AND HOKr-PARts OF Tridocna. having only a single adductor muscle, like the 

oyster, the anterior being obsolete. The mantle 


has three distant openings, pedal (d), branchial (a\ and anal (h). The foot is 
small, fing(U'-like, and capable of producing a stout byssus (e). The shells arc 
cqui valve, pon(h‘ix)us, with a few stout ribs radiating from the umbones, and 



BIVALVES, 


415 


teraiinating on the edge of the valves in pointed projections. The genus Tridacua 
contains the largest of all l.)ivalves, T, (jujtfs soiuetiiiies measuring more than a 
yard in lengtli, and weighing as much as 500 lbs. The animals are gorgeously 
coloured, and a mass of them nearly a mile in extent has l)cen compared to a be<l 
of tulips. The six or seven species are found in hot latitudes, such as the lit d 
Sea, and Indian and Pacitic Oceans. The adductor muscle is said to bt* gtH)d 
eating. Hippopv^i diftend from Tndacna in having no gape in the anttuior end of 
the shell for the passage of a byssus. IL 'HuwiilatiUH is one of the most common 
sliells used as ornaments. The Gluitnidiu are remarkable for their stitmg irregular 
oyster-like shells, wliicli arc often brilliantly coloured, and covertnl witli sj)ines or 
ridges likij the thoi*ny-oysters. The shells exliibit two wt !l-mark(‘d muscular scars, 
strong hinge-tt'eth, and an c*xternal ligament. These bi' slves inhabit tiopical or 
subtmpical seas, and arti usually attached by one of the valves to rocks. The 
animal has the nuu-glns of tlu mantle united, excepting at the siplional openings 
and the ptidal oritice. a mollusc heading a stationary life, and not given to 
sj)inning a byssTis, a foot would appear to be useless; nevertheless Chaiua 
])ossesses a J’educed form of this niendnu*, but what ^mipose, it serves it is difficult 
to conjectui’e. Some of th(5 fossil members of this family, J)icenfn and lityu iat ia, 
for example, have remarkable shells, quite unlike those of the existing forms. 


Subordcu’ Myacea. 

In the family Pmitimiohildai the typical g(‘nus Pt^ntnuohia Inis tlie siphons 
very long, sh^ndm*, and separated as in Trlli mty the foot large and tongue-like, and the 
edges of tin* mantle fringed. The shells an*, long and nai‘j*ow, compj’essed, slightly 
gaping at l)oth (‘iids, generally sonu^what oblitjuidy truncate postm'iorly, oftmi 
brilliantly colouri^<l, and beautifully scul])tu]-(Ml. Four speeitss occur on the Jlritish 
coasts, ddie gap(‘rs (Mt/idir) take their title from their wid(‘Jy gaj)iiig shells, which 
ai’(‘, covered with a wrinkhul p(;riostracum e.xtending also over the siphons; tln^se 
being unitinl theii* wIioKj length, and fringivl at the ends. Mj/a. a/rruarloy a common 
Pritish s})ecies, also abounds on the sandy shoi-esand mud-llats of the Eastei'ii States 
of North America, where it is eaten in quantities. The clams, as they are commonly 
called, live in deep buri’ows in the sand or mud. the shells ofti‘n being a foot below 
the surface. A j*(^C(‘nt writer observes that wlnm the flats are covered with water, 
the clams extend their long siphons up tlirough the burrow to the surface of the 
sand, and through omj of these tubes the watei* ami its myriads of animalcuh^s are 
drawn down into the shell, furnishing the gills with oxygen, ainl the mouth with 
food, and then the water, charged with carbonic acid and faical refusi*, is forced 
out of the othia* siphon. Two species of Mi/a constitute! tlu! staple food of the 
wah*us. The Sohnidiv, or razor-sludls, ar(! also great sund-burrowei*s, and indeed 
bore with such rapidity, and to such a depth, that th(*y oft(‘n elude capture. They 
jiosscss very elongate shells, and arc remarkabhi for tin; great development of the 
foot They not only burrow in sand, but also have the power of darting through 
the water like scallo 2 :)S. They arc eaten by the poorer coast population. In the 
8(ixicavi(lw the sjiecics of the tyjjical genus Saxicava are some of the few bivalves 
which have the power of boring into limestone and other soft rocks, although they 
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inoro often hide in crevices or at the roots of seaweed, mooring tliemselvcs by a 
byssus. The shells ai-e very irregular, their form vaiying according to the hole or 

crevice they inhabit. In the GaHirovltamkhv., 
forming the last family of this group, G(tt<trorlia'va 
comprises bivalv(?8 which live buried in the sand. 
These form a long, slender, club-shaped fi*agile 
tube, covered with adhering pai'ticles of stind, and 
divided otf by a partition into two portions, the 
anterior containing the shidl, the posterior or 
narrower end the siphons. The animal of the 
allied Rocelhiria is similar, but forms no tube, and 
has the habit of boring into solid rock, shells, and 
AxiMAi. (rt) AND cASii (A) OF Jiuccllarui. other substances ; R. dahla being found in lime- 
stone, and even granite, on the British coasts. 

Suborder Pholadacea. 

The boring Phohididoi and Tcredinldcv are the only families contained in tliis 
suborder of the group, the former perforating clay, chalk, limestone, and (iven 
gneiss. Their shells ai’e always white, thin, but hard and strong, and ornamented 
with prickly rasp-like sculptures They gapei all I’ound the valves, meetiiig only at 
the hinge and the opposite margin. Accessory plates generally occupj" the vacant 
spaces. The valves 
have no hing(‘-teeth, 
and are not connected 
a well - defined 
ligament, like most 
b i V a 1 v e s. T h e 
animals have long 
united siphons, 
fringed at t)ie aper- 
tures, and enclosed in 
a tough skin, which 
is oft(Mi protected by 
cartilaginous cup-like 
processes. In the 
typical PluiUis the 
foot is well devel- 
oped, and probably 
forms the principal 
excavating instru- 
inent ; the shell being ,,, size). 

use<l as a file to 

enlarge the crypt as the cn^aturt* gixiws. Xylophaifa and Martesla bore into 
floating wood. Species of this family arc met with everywhere, and about half a 
dozen occur on the British coasts. In some parts of Europe Phohis is considered 
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a delicacy, and many species are highly phosporescent. In the second family the 
ship-worm {Teredo) is only too well-known on account of the amount of damage it 
does to submerged timber. It matters not whether it be oak, pine, teak, or 
mahogany which it attacks, soon the timber is riddled through and through, and 
rendered useless. In foniier times, before the invention 
of copper-sheathing, immense damage was inflicted upon 
shipping, and the piles of piers and harbours were con- 
stantly having to be renewed through the ravages of 
this pest. The Dutch have been great suflerei's, and 
at one time such depredations had been made on the 
piles which support tlie dykes of Zealand and Friesland 
as to threaten them with total <lcstruction. The animal 
is practically nothing more than an ('xtremely prolongec^ 

Fltolas. The siphons are of immense length, in some 
cases from two to three feet long, united except towards 
the ends. On the contrary, the Ijody itself containing 
th(^ principal viscera is small, and protected by a 
globular, bivalvcd shell, open both in front and behind. 

The gills arc narrow, (dongate, and prolonged into the 
branchial siphon. The siphons secrete a shelly lining 
to the burrow, and at the point where thc^y separate 
tliere are a pair of calcareous plates, or pallets as they 
are termed, probably used as a means of defence, in 
closing the tube after the siphons have been retnictcd. 

Ship-wonns generally bore with the grain, only turning 
aside to avoid a knot or any other obstniction ; and 
although their burrows are almost touching, they 
seldom appear to run into one another. The animal 
does not feed upon the wooil it excavates, but ejects it 
in small particles through the siphon. The foot is 
probably the burrowing organ, but the method of 
excavation is still imperfectly underetood. Jfyperotuff, 

NaiiHltoria, Xylotryo, and Cypltus are other forms of 
Teredinidw] the last named constructing a strong, 
shelly tube, sometimes a yard long, and two inches in 
diameter, in which the creature lives buried in the sand. 

Suborder Anatinax^ea. 



SHTF-WOUM (TerPAlo) ANV IT.S LARVA. 


This, the last suborder of the Eulamellibranchiata, 
contains thirteen families of which only a few arc of 
general interest. Of the Pundoruhi, the typical Pan- 
dora is distinguished by its compressed, internally pearly shell, which is sometimes 
semi-lunate in form ; the right valve being flat, and the left sennewhat convex. 
P. meequivedvis is a common British species. In Myadora, an allied genus, the 
left valve is flat, and the right convex. The species of the third genus, Myochama, 
voL. VI. — 27 
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attach themselves to other shells by their right valve, the left being ornamented 
with radiating ridgea Among the other families, Anatinay Throe lay and Fhola- 
domya are interesting genera, the last on account of its rarity in the living condition, 
and its numerous representatives in bygone ages. BrechiteSy or Asperr/illumy is 
remarkable, as it is only in the earliest stages of existence that it presents the 
appearance of a normal bivalve. It subsequently forms an elongate tube, open at 

0 J 7 

^ ^ ^ V closed at the 

otlier by a 
frilled disc full 
of holes, like 
the rose of a 
watering - pot ; 
embryonic 
vah'es being 
embedded in 

the surface near the rose. The illustration shows the contracted animal extracted 
from the shell, (e) indicating the siphonal openings, (a) the mantle aperture, (b) tlie 
anterior side, (a) the mantle, (d) foot opening. 
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Jirechitea mffini/erus. 

Ay Animal contracted, withdrawn from shell ; By Anterior end of the shell. 


Order Septibranchiata. 

The members of this group are readily distinguished by the circumstance that 
the gills are transformed into a muscular septum, extending from the anterior 
adductor to the separation of the two siphons, and surrounding the foot, with 
which it is continuous. This septum presents symmetrical orifices. The siphons 
are sometimes short, or more or less produced. There are two adductors, 
and the mantle -edges arc united at three points. There are two families, 
namely, the Poi^omyidcD and Ciispidariidce. Of the fonner, Foromya has the 
siphons short, unequal, separate, and surrounded by a tentacular fringe ; each 
half of the septum having several groups of lamella?, separated by orifices ; the 
foot being slender, long, and the palpi larger. The shells are often minutely 
granular and somewhat pearly within. The species are small, few in number, 
and mostly from very deep water. Silenia is a deep-water form, dredged in 1950 
fathoms, about eleven hundred miles south-west of Australia, and also in the South 
Atlantic at the enormous depth of 2650 fathoms. The CiispidariidcB is a more 
extensive family, and although the species are nearly all small, some are elegant in 
form, and prettily sculptured. The shells have been classified by characters derived 
from modifications of the hinge, and the surface ornamentation. The siphons are 
longer than in the Poromyidoi and united with tentacular fringes at the ends ; the 
foot is moderately long and pointed, the labial palpi are rudimentary or wanting, 
and the branchial septum is pierced with isolated symmetrical orifices. The shells 
are mostly transversely ovate, and produced posteriorly into a more or less elongate 
rostrum. They are found in all seas, in depths ranging from a few fathoms to over 
three miles. 
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CHAPTEE XII. 

Moss-Animals and Lamp-Shells, — Subkingdom MOLLUSCOIDEA. 

The exact positions in the animal kingdom of the Eryozoa or moss-animals, and 
the Brachiopoda or arm-footed animals, which arc genera- ly united under the name 
of Molluscoidca, is still far from settled. The Brachiopo*is were long placed with 
the Molluscs, and the Bryozoa with the Corals and Sponges ; but fuller knowledge 
made it evident that the Br^^ozoa did not in any way belong to the latter. Next, 
they were classed with the llotifei’s, or wheel animalcules, under* the name of 
Ciliata, as a kind of appendage to the worms, while by others they were grouped 
with the Ascidians. They here placed with the Brachiopoda, not because the 
two groups are really related, but simply because they are alike in having no 
established place in the classification of the animal kingdom. It is true that the 
Bryozoans and the Brachiopods are sometimes classed together because of the 
similarity of their development, and also for certain supposed anatomical resem- 
blances between them ; but these latter are far from convincing, and the similarity 
of their larval histories has been disputed. 

Moss-Animals, — Class Bryozoa. 

The moss-animals almost always live in colonies, the individuals of which are 
joined in a number of different ways to form stocks. The individual animals are small, 
and the stocks generally also small, never fonning anything approaching the masses 
of substance yielded by those of the corals. The structure of the Bryozoan animal can 
be studied in the accompanying figure, which shows, greatly magnified, the external 
outline and the iniKir organs of a single indivhlual belonging to the stock of a fixjsh- 
water form (PaladiceUa) from Belgium. The individual figured has been detached 
at its base from the one below it, and the one next above is broken off. The Ixxly is 
represented by a chamber or cell, in this case somf^what elongated. Its walls are stiff, 
except at the anterior end, where they are flexibltj enough to allow the crown of ten- 
tacles (a) to be protruded as in the figure, or to l>t‘ withdrawn by means of muscles 
(vi). One of these muscles is seen to be specially powei ful, and runs through nearly the 
whole length of the cell. The mouth is at the anterior end of the body, surrounded 
by the circle of ciliated feelers or tentacles (a). The alimentary canal, which com- 
mences with a muscular pharynx (h) hangs down in tlie form of a loop into the 
body-cavity, the stomach {y) being its lowest portion. Its terminal portion runs 
again towards the anterior end, so as to open not far from the mouth (at c). The 
whole alimentary tube is but loosely fastened to the body-wall, its chief attach- 
ment being by means of a single short strand at the end of the stomach called the 
funiculus, and shown in the illustration. In all adults, two masses of cells are 
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found attached to the wall of the chamber, the upper (o) yielding eggs, while 
within the lower (t) the male elements develop. Moss-animals are therefore her- 
maphrodite, the fertilisation of the eggs being effected by the two elements ining- 



SECTION OP AN iNniviDUAL OF Pahtdktlla 
(highly magiiitiud). 


ling freely together in the body-fluid. In all 
essential points, the above description would 
apply to any one of the seventeen hundred 
species, fossil and extant, which are known. 

Among the larger colonies may be 
mentioned certain fresh-water genera, found 
attached to the roots and branches of 
water-plants, which may form considerable 
masses ; but these stocks are dull in colour 
and very inconspicuous, the beauty of the 
minute individual animals themselves being 
invisible to the naked eye. Some fairly- 
sized forms occur also among the marine 
genera, which are often marked by the 
great variety and beauty of their stocks. 
Many of these are delicate branching or 
tree -like growths some inches in height; 
take, for instance, the sea-mats {Fl'mtra), 
or again, the still larger and more beautiful 
lace-corals, Neptune’s sleeves, such as are 
shown on p. 421, which, in spite of their 
name, are not true corals but bryozoans. 
The figured lace-coral (Jieiepora) is found 
in the nets used on the shores of the Atlantic 
Ocean and Mediterranean Sea. When 
fresh, the stocks — which resemble a fine, 
cup-shaped, or folded and frilled piece of 
lace — seem to be covered by a reddish 
organic mass, out of which arise the delicate 
tentacular crowns of the individual animals. 
These arc, however, too small to be seen, 
except with a magnifying glass. When the 
soft -parts are removed, the stock is of 


dazzling whiteness, consisting chiefly of the chalky substance which binds the 


separate individuals together into a colony. Between the open meshes of the 


lace- work, multitudes of minute apertures arc to be seen, which arc the openings 


of the individual chainbei’s or cells containing the bodies of the animals, and 


into which they can withdraw their tentacular crown as above explained. Another 
lace -coral from the Mediterranean is shown on p. 422. It rests upon a branched 


structure, a common calcareous alga which grows on a stone. The individuals of 
this genus (Lqmdia) are arranged in iX)W8, and arc further distinguished from 
Retepora and other moss-animals by the fact that the animals occur only on one 
side of the stock. We mention these lace-corals because of their being com- 
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paratively conspicuous ; but we might have chosen any other of the many beautiful 
but less conspicuous forms. On any sca-coast a harvest of them can be gathered 
in a few days. Cei-tain species are almost alwa}^s to be found on nearly every 
leafy seaweed, and where the tottom of the sea is favourable, stones and the 
sliells of molluscs, both full and empty, arc covered with stocks of Brj^ozoa, often 
only discoverable by means of careful examination with a magnifying glasa 


Owing to the 
hardening and 
frecpient calcifica- 
tion of the greater 



pai’t of the body- 
wall to form the 
cell into which 
the anterior part 
that always re- 
mains soft can be 
withdrawn, these 
animals are often 
f ound as fossils. 
The marvellous 
variety of forms 
l)resentod by these 
delicate little 
stocks is in each 
case determined 
by the paHicular 
manner of bud- 
ding. The first 
animal which, by 
budding, gives rise 
to the stock is 
produced from an 
egg, and begins to 
bud as soon as it has 



LACE-UOKAL, uu A’Ei'TeNL KLEEVE, iLcUima ceUitloini (iiut. size). 

become attached. In eacli family or species the buds appear 


at special points, and assume definite positions witli regard to the parent individual. 
The smallest variation in tliis respect causes the profoundest changes in the forms 
of the stocks produced. Their classification is dettn-mined principally by the 
stinicture of the moutli and of the tentacle crown, as may best be gathered from a 


few examples. 

Order 


We take first the subclass Ectoprocta. 

Most of the fresh- water moss -animals belong to the order 


Piwiactoiamata. phyiactolsemata, so-called because the mouth is provided with a 
tongue-shaped lid. The crown of tentacles, which is also a gill, is horseshoe- 
shaped, and the whole surrounded at its base by an integument forming a kind of 
calyx or cup. The chambers or cells are either quite soft or else homy, and are 
thus not found in a fossil condition. Later on in this volume is described a 


colony of sea-anemones which, instead of being fixed, as arc most stocks, are 
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able to travel about ; a colony of moss-animals capable of locomotion is figured 
on p. 425. These remarkable moving types {Criatatella) form flattened, 

elliptical colonies, which creep 
along on a kind of flat foot, follow- 
ing the direction of the light. 
The question may be raised as to 
how the many separate individuals 
manage to move in the same 
direction. Even if an external 
stimulus, such as light, should 
stimulate the individuals in the 
same way, this seems hardly 
sufficient to account for the 
movement of the colony, without 
some nervous system connecting 
the polyps and co-ordinating the 
movements of the colony. As a 
matter of fact, such a system does 
exist. While each separate animal 
is provided with a nerve-ganglion 
between the oesophagus and the 
posterior opening of the alimentary 
canal {n in the illustration on p. 
420), and with the nerves necessary 
for its own individual organisation, 
the Bryozoan colony, as such, has 
with the individual systems, and 
runs from one to another through the apertures by means of which also the body- 
fluids circulate throughout the colony. This colonial nervous system no doubt 
regulates the movement of the stock. 

Order In contrast to the Phylactolsemata are the Gymnolaemata, those 

OynmolsBmata. Bryozoa in which there is no lid to the mouth, and in which the 
tentacles are arranged in a circle on a disc instead of in the shape of a horseshoe ; 
the name given to such forms denoting the naked condition of the mouth. These 
naked-mouthed Bryozoans are far more numerous than those with lids to their 
mouths. Paludicdla, which is fully described on pp'. 419, 420, is one of the few 
fresh-water forms belonging to tliis order. Here the crown of tentacles cannot be 
completely protruded, and thus appears, even when most extended, to be surrounded 
by a double collar. A numerous group of this order are the marine Chilostomata, 
or lip-mouthed Bryozoa, of which the sea-mat (Fluatra foliacea), common in the 
North Sea, is an example. The magnified cells shown in the illustration represent 
the harder portion of the animals, into which the soft anterior portions can be 
withdrawn. The openings through which the tentacles protrude lie crosswise, 
and each is provided with a lip-like elastic lid. Each individual can thus take 
refuge within its chamber and close the lid. Other genera which, unlike Fluatra, 
have no lid, can close the aperture by means of muscles. The colonies of sea-mats 
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a special nervous system which is connected 
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form branched leaf -like lobes very common at the seaside, and often mistaken for 
seaweed, &ich side of the loaf consists of a layer of closely crowded individuals. 
The cells only partly calcify, so that when « 


fresh they are elastic, and the whole stock 
remains very flexible. To this suborder 
belong also Retepora and Lepralia, above 
mentioned. 

An important rise in the scale of 
organisation is found in the Gymnolaamata, 
especially in the lip-mouthed forms, where 
a marked division of lalx)ur takes place; 
that is to say, the indivitluals which con- 
stitute the stock vary in structure and 
fulfil different physiological functions. 
There are structures known as zoodcia^ 
stolons, avicniaria, vihracuhi, and ovicells, 
some — perhaps all — of whicli are modified 
individuals. The zoiBcia are the normal 



SEA-MAT {Fluslrafoliacea). 
a, Stock (nat. size) ; b, Five cells (magnified). 


individuaLs of the colony, fully developed for most of the functions of life ; respira- 
tion, taking in food, and digestion, and no doubt also for receiving sensory impres- 
siona The stolons have a much humbler function, but are indispensable for the 
well-being of the colony. They are rootlike outgrowths of the stock, consisting of 
very simple individuals which serve for attaching the whole colony to foreign 
objects, such as stones, shells, etc. The most remarkable are the structures known 
as avicniaria, so called because they resemble the head of a bird. The individual 
is turned into a pair of forceps, of which the large upper blade (very like the skull 
and upper jaw of a bird) and the smaller lower blade (like the lower jaw) con- 
stantly open and shut by means of a complicated arrangement of muscles. These 
avicniaria are movably attached by a short neck, and are found near the entrance 
to a zocecinm. They turn from side to side, snapping in all directions, and, no 
doubt, every now and then catch some of the small worms, crabs, or larvsB which 
rest on the colony. The victims arc held till they decay, and, as they break down, 
fragments are drawn into the mouth by the water currents caused by the cilia on 
the tentaclea These dead creatures act as baits, and attract other victims within 
the influence of the same stream. These also are drawn into the mouth. On 
account of these peculiar structures, the Chilostomata have been called the bird's- 
head corallinea Equally interesting again are the vihracula, long thread-like 
structures, attached by short stalks, which keep uji a constant whip-like motion. 
Their function is not clear ; but perhaps they may be specialised tactile organs, or 
may help to drive the minute prey within reach of the nutritive individuals. 
Lastly, we have the ovicelU, or egg-receptacles, which are found at the lower ends 
of the zooecia in the form of bells, helmets, or vesicles. It is uncertain whether 
these are independent modified individuals or merely appendages of the zocecia, 
the latter view being the more probable. 

Bonnd-Montiied Another suborder of the Gymnolsemata consists of the Cyclostomata 

Qw>up. or round-mouthed Bryozoans. In the tube-like forms (Tuhvlipora), 
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which may be taken as typical of this suborder, the relation between the infolding 
portion of each individual and the rigid cell differs from that in the Chilostomata ; 
and the aperture of the cell is terminal and wide, passing into the soft anterior end 

without narrowing. Tulmlipora one of 
f <’/ /I numerous round- mouthed forms, the 

^ fit II I ill I/// which form cup-shaped incrusta- 

1 If i/y tions, tlie individuals radiating outwards as 
''' *' l seen in the magnified figure (a). In Fig. 6, 

several cells are still more highly magnified. 
^ shows the natural size of the colony, 
moss- animals seem to be excep- 

•- m|H-T tionally rich in methods of reproduction. 

Thcj'c is, firstly, the sexual reproduction 
iiS BljJjKl) above mentioned ; secondly, the multiplica- 

individuals by budding and stock 
^ I in formation; and, thirdly, a peculiar ropi-o- 
duction, found in fresh -water forms, in 
adaptation to external conditions, enabling 
animals to tide over the cold of winter, 
or the drying uj) of ponds, etc. This last 
Tuhulipara verrucosa. method deserves description. It is effected 

a, Part of a Rtock (rnagiiUicd) ; ft, A few cellfl (highly \^y j^eaiis of germinal bodies, which may 
magnified) ; c, A stock (iiat. size). - ^ ^ txi 7:>7i*7i 

be of two kinds. In the gcums jyfliul/tcella, 
the germs are produced in the course of a few days at tluj (aid of 8t‘])tember by 
simple constriction or breaking off of portions of the stock, which then perishes. 
These detached portions vary greatly in size, an<] rescnnble buds of the same size, 
which latter however remain connected with the stock. They are, in fact, detached 
buds, called winter-buds, which adhere to the dead remains of the liorizontal creeping 
stem of the Paludicella stock, and the next spring either grow out at the same place 
into new colonics, or are swept away by the water to fonii fresh colonies at a 
distance. The other germinal bodies, termed statoblasts, form as cell-masses on the 
strand known as the funiculus, which holds the stomach in place, also at the end 
of September. They are round or oval in shape, and become surroundtid by a 
peculiar horny transparent shell, which is brown or yellow in colour, and consists of 
two valves fitted one upon the other like watch-glasses. A number of these 
statoblasts may be seen inside the colony in the illustration on p. 425. The 
edge running I'ound the two valves is often widened and contains small air-chambers, 
or else homy filaments which stand out radially and have barbed tips. This ring is 
termed the swimming-belt, and is a hydrostatic apparatus, which supports these 
winter-buds or statoblasts on the surface of the water. The complicated barbed 


Tuhidipora verrucosa. 

a, Part of a Rtock (rnagiiilicd) ; ft, A few cells (highly 
magnified) ; c, A stock (iiat. size). 


hooks apparently act as anchors, by means of which the passively swimming 
statoblasts catch on at points suitable for their development during the course of the 
next spring. As soon as the time for development comes, the two valves split apart, 
and the germinal mass emerges from between them. Here, then, we have an alter- 
nation of generations. Out of the winter-buds and statoblasts asexually produced 
individuals arise, which then reproduce themselves sexually, their descendants again 
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yielding winter-germa. The colony produced from the winter-buds may, however, 
continue for some time to multiply sexually, but in autumn again produces stato- 
blasts. These processes taken together, namely, the growth of a Bryozoan colony 
by means of the budding of one individual out of another, the detachment of the 
winter-buds in Paludicella, the formation of the statoblasts, and the appearance of 
eggs, well illustrate the close connection existing between growth and repi*oduction. 



</, Cristatella (double the iiat. size) ; ft, statoblasts op Oristatclla, with thiieb touno animals (enlarged). 


Subclass Endoprocta. 

Systematists have hithci'to found themselves compelled to add to the Bryozoa, 
or moss -animals, certain genera whose most striking peculiarity is that the 
posterior aperture of tlio alimentary canal lies within the tentacle-crown. Tlieso 
liavo been calle<l Endoprocta, in contradistinction to the Ectoprocta, in which, 
as we have seen, the aperture of the intestine (c in the illustration on p. 
420) lies outside tlie tentacle-crown. We bike, as an example of the Endoprocta, 
the genus Loxommu^ which might well be cyilled the spoon-animal, since, not 
only in LoXimmim cocMe^tr, represented in the illustration on p. 420, but in 
most other species as well, the side view, (^specially when the tcmtacles are with- 
<lrawn, strikingly recalls a la<lle. The Inxly is attached to a stalk, and its anterior 
portion carides a circle of from eight to twelve tentacles, provided with double 
rows of long cilia. The mouth is at the lower edge of the disc which carries the 
feelers, while the posterior aperture of tin*. <iigostive tract lies somewhat above 
the middle of the disc. Tlu; thick stalk is well provided with muscles, and is 
attached by means of its foot or sucker-like en<l, to the point chosen by the animal, 
so as to be fixed by the probably viscid secn^tion of a largo pedal gland. The 
whole animal is more or less transparent, and leads a n*tired life in the sea, often 
hidden in the cavities of homy sponges. Although capable of slow locomotion, 
L<M 080 ina appears seMom to move from the place once chosen. It feeds on micix)- 
scopic particles, brought by the stream of water kept up in the cavities of tlu; 
sponge it inhabits. This food is conducted to the mouth by the cilia of the tentacles 
and by a ciliated furrow round the tentacle disc. The method of reproduction of this 
animal is remarkable. Two lateral buds are seen on the mother in the illustration 
on p. 42G. The young animals quickly and without any metamorphosis attain the 
form of the parent, and may, even while attached to her, feed independently, only 
falling off when mature, and becoming attached in her neighbourhood. This is 
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not, however, the only manner of reproduction. From time to time, without any 
interruption^in the lateral budding, fertilised eggs ascend from the ovary towards 
the tentacle-disc, and develop into larvae which in no way resemble Loxoscma 



A FIXED MOSS-ANIMAL (Loxo8<ma) WITH LATERAL BUDS ( X 200). a, Stock ; d, Swarm-larva ( x 100). 

They have flat, almost shield-shaped bodies, surrounded by a ciliated margin. 
After breaking out through the disc of the mother, at the stage represented in the 
illustration, they pass through various changes before reaching the adult form. 
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The Lamp-Shells,— Class Braohiopoda. 

We must now leave the moss-animals, about whose relationship to the rest of 
the animal kingdom wc know so little, and pass on to the equally enigmatical class 
of the arm-footed animals, or Brachiopoda. The chief structural feature in the 
Brachiopods which led to their being classed as molluscs, was their bivalve shell. 
They were therefore regarded as a subdivision of the bivalves. How easily a 
Brachiopod might be mistaken for a mussel will be understood hy the reader who 
glances at the accompanying illustrations. But whereas the shells of the mussel 
are at the animal’s sides, and close in front, behind, and below, the hinge being on 
the back, in the Brachiopods one shell is on the back and the other underneath. 
There are, in addition, otlier profound <lifForcnccs in the anatomy of the soft-parts, 
A further argument against there being any relationship between the Brachiopods 
and the mussels is found in the fact that no intermediate forms exist which could 
facilitate the deduction of the one class from the other. On the other hand, many 
zoologists are inclined to consider the Brachiopoda to be modified worms, a view 
confirmed by their anatomy. Although there is little to record of the activities 
of these creatures, they arc worthy of attention, not only on account of their 
structure, but also from their extraordinary stability. With regard to this latter 
point they are almost unique in the animal kingdom (if we omit the lowest 
unicellular organisms), in having remained essentially unaltered from the earliest 
geological epochs. They have neither progressed nor degenerated, but have lived 
on practically at a standstill, so far as organisation is concerned. The period in 
which they flourished most is now long past. Not only in the number of species, 
but also in the number of individuals were they once so rich that thick layers of 
rock have been built up by their accumulated remains. Brachiopods are divided 
into two orders ; those having shells without hinges, and those with shells hinged 
together. Taking the latter order (Testicardines) first, a few of its most important 
families may be described. 

At the present time, the most widely spread group are the 
Hinged Group, perforated Brachiopods, to which Terehratvlina, 

figured on p. 428, belongs. In all species of this frmily, the dissimilax-ity of the 
two shell-valves is strongly marked, one vah being larger than the other, more 
concave, and perforated at the beak. The hole thix)ugh the beak in this family 
resembles in some cases the hole for the wick in an ancient lamp, and has thus led 
to the name lamp-shells being applied to all Brachiopods. Through the pei’fora- 
tion a short sinewy stalk emerges, by means of which the animal attaches itself to 
submarine objects. The hinge at the beak consists of a pair of teeth situated on 
the larger valve, and fitting into depressions in the smaller valve. Thus, although 
these shells do not possess an elastic band or ligament, like that which binds 
together the shells of a mussel, they ai’e prevented from falling apart. The valves 
are shut and opened by means of muscles. In consequence of the position of the 
animal and of its organs, the larger more concave valve has been called the ventral 
valve, and the smaller the dorsal valve or lid. The most remarkable feature in 
these ancient forms is the looped calcareous framevrork attached to the under 
surface of the lid near the hinge, and running forward towards the gape of the 
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shell The differences in the forms of this framework are used for distinguishing 
the families and other subdivisions of the Brachiopoda. Its form and extent can 
be made out in well-preserved fossil specimens. These two spirally coiled append- 
ages are the “ arms,” from which the class takes its name, and deserve a little closer 
description. The illustration below represents the under surface of a valve of the 
serpent-headed Terehratida, near the back of which the mouth opens {o). The 

arms rise on each side of the mouth, run forward, bend 
back again, to end in an elegant coil. We may compare 
them to the crown of tentacles and other organs associ- 
ated witli the mouth of many woims, and of the moss- 
animals, only here they are stiffened by a calcareous 
skeleton. As can be gathered from their rigid calcjireous 
frame, they arc capable of only slight movement, and 
even their fringes arc more or less stiff! As to the 
functions of these arms, inasmuch as they are traverstul 
by canals, and covered with cilia, we arc justified in 
assuming them to be gills. The animals feed on fine 
particles brought to the mouth by the streams of water set up by the cilia on these 
gills. In only one genus (Rhy acondlt iXhelon^n^ to the family of the Rhyncmiellidw, 
do the arms themselves project beyond the shell to seize prey. The alimentary 
canal is short, and ends blindly at x. The body of the animal within the shell is 
enveloped in two mantle-folds closely applied to the shell ; the latter being formed 
by a secretion from the outer surface of this mantle. Very simple reproductive 
organs lie in vessel- like widenings of these mantle-folds. The sexes are separate, 
and may sometimes be recognised by differences in the form of the shell. A pair 
of membranous funnels, internally ciliated, serve as ducts foi* the genital products ; 
the free ends of these funnels open into the body-cavity, and conduct the reproductive 
elements outwards. The resemblance of these funnels to the nephridia of worms, 
would hardly be enough to establish a relationship between the Brachiopods and the 
worms. Their relationships rest rather upon the developmental history of the 
Bmchiopods and the transformations they undergo. The first stages in the develop- 
ment of Thee id turn arc briefly as follows. The developing eggs enter a pouch 
formed by the lower mantle-fold, into which also the two nearest arm-fringes sink. 
These latter become thicker, their ends swelling to form a pair of pads, round 
which the eggs group, and to which each embryo is attached by means of a short 
stalk. The embryo soon resembles a short thick annelid. The upper process 
from its neck is the stalk by means of which the embryo is attached to the arm- 
fringe. The small anterior section resembles a head, and carries four eye-spots 
and a depression, the future mouth. There are two thicker middle segments, 
followed by a fourth smaller segment, all covered with cilia. In the later 
development the most posterior part is used for attachment, the head and collar- 
like ring sink between the upward growing portions of the following ring. 
These upward growths increase and form the two mantle-folds. These, as above 
stated, secrete the shell. The illustration (6), shows the young Thecidium with- 
drawn into itself, having given up the free-swimming life it led after breaking 
away from its parent. 
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The developmental transformations of another ^cnus, Argiojy^, are very 
instructive. Its larva may not only be compared with that of a bristle-worm; 
it is in reality such a larva. No further develop- 
ment, however, occura in this direction, but rather 
a degeneration. It becomes transformed into a 
creature which has no resemblance to an annelid. 

The posterior end changes into a stalk, by means of 
which the animal is permanently attached, while 
the bivalve shell protects the otherwise defenceless 
body. In this case we can witness the degeneration 
of an animal in its own development. It begins as 
if it were going to bt* a highly developed worm, 
which seems to show that its ancestors were once 
such worms, but it disappoints us; insteatl of 
advancing in organisation, it suddenly drops back 
into the lowly creature described. Off* the coast of 
Norway, the serpent-headtid Terchratidi^a is found 
everywhere in small numbers, at a depth of from 
thirty to one hundred and fifty fathoms, often 
attached to the coral OcidincL When placed in sea- 
water, they gradually open their valves; those 
specimens which remain attached to foreign objects 
show a great disposition to move about at the ends 
of their stalks. Detached specimens can be moved 
about without causing the animal to close its valves. 

If some of the protruded cirri be touched, they are 
at once withdrawn and the valves snap together, but 
soon open again. When th(i arms are withdrawn 
the cirri are bent inwards, but when the valves open 
the former are seen to raise themsclvi^s into an 
upright position ; even before the shell was opened a few cirri were often protruded 
and waved to and fro, as if to ascertain whether any danger threatened. An 
infiowing current of water can sometimes observed between the two rows of cirri. 

Another form, WdUlheiinia cranium, is found near the North Cape, at a 
depth of from twenty-five to one hundred and fifty fathoms, attached to stones or 
barnacles. The calcareous framework in Waldhclnt ia. is long, and the oral appen- 
dages are incapable of movement unless it be at th(iir spirally coiled ends. It has 
been conjectured that the two coiled ends can be unrolled and rolled up again like 
the proboscis of a butterfly. These animals are more active than Ter(if)ratulin(t, 
frequently moving about on the ends of their stalks and Inking more easily alarmed. 
The cirri do not project beyond the edge of the shell, and are bent back when it is 
closed. The genus Tltec/uliarn, whose devclopmiint is descril)ed above, is distinguished 
by the very peculiar calcareous framework of its arms ; one of its few living repre- 
sentatives being the unstalked T. mexlUerranrmn, figured on p. 430. In this form 
the dorsal valve forms an almost flat lid for the much larger ventral valve, and is 
seen in the figure standing wide open at right angles to the lower shell. The 
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calcareous framework nowhere rises freely from the lid, with which it is connected 
by a calcareous network. In the section (JB) given in the illustration we see in the 
dorsal valve the depression for the hinge on which the valve rotatea The shell is 
opened by the muscles (/>) which run from the bottom of the ventral valve to a 
process directed backward in the dorsal valve behind the hinge. It is closed by 
the muscles marked a, which lie in front of the hinge. The shells of Thecidium 

become attached to submarine objects, and 
are brouglit up in considerable numbers by 
the nets of the coral -fishers between the 
Gulf of Bona and Cape Rosa, from a depth 
of from forty to fifty fathoina The number 
of specimens of Terehratula is small as 
compared with that of Thecidium^ twenty 
to thirty qgecimens of the latter haing 
often found together. When first caught, 
Thecidium opens its valves very wide, but 
when isolated and placed in small vessels 
gapes less widely. The small dorsal valve 
or lid can be raised to form a right angle 
with the other valve, but, when the slightest 
movement is made, it snaps to with the 
speed of lightning. These lamp-shells are 
undoubtedly sensitive to light, even a shadow thrown upon them making them 
close their shells instantly. On account of the wide gape, the inner organs, 
such as the cirri and arms, can be accurately observed. The inner surface of the 
shell on which the mantle lies is so dazzliiigly white, and the latter so transparent, 
that the calcareous framework and the prominences on the valve are as easily seen 
as if there were no intervening mantle. Externally, the shell is rarely white and 
smooth, being usually covered with plants or animals which have attached 
themselves to it, and the valves perforated in all directions, chiefly by boring 
spongea 

The Rhynchonellidcc, or beaked Brachiopods, were extremely numerous in 
the oldest geological times, but are now only represented by some three genera. 
The most important genus is Rhynch<melhi, which is one of the oldest and most 
widely distributed of all known organisms, being found from Silurian times through 
all subsequent strata. The living R, shows best the characteristic beak- 

like process of the ventral valve ; the aperture for the stalk being found under this 
beak. The valves are fastened together as in the TerebratulidcCy but the calcareous 
framework consists merely of two short, narrow plates, which are attached to 
the smaller valve. Rhynchonella is not very numerous in northerly regions, 
but empty valves are found in mud. Observations on the living animal are 
rendered difficult by the fact that it is peculiarly sensitive to all disturbance, 
and closes its valves at the slightest movement. The arm - spirals widen 
sufficiently to allow the cirri to reach the edge of the shell ; the arms do not 
appear capable of unrolling and protruding beyond the shell. The members of 
another family of this order of hinged Brachiopods, the Spiriferidee, are rendered 



Thecidium mcditerraneuin. Ay Nat. size; ii, 
Sectiou through the shell (magnified). 
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very remarkable by the long, spirally -coiled and calcified arms. Spirifer was 
very abundant in the PalsBOzoic epoch, but died out with the Lias. 

HiogeleBB Group second order of the Brachiopods (Ecardines), or those whose 

shells are without liinges, consists of but four families, two of which 
may be briefly described. The unstalked genus Crania is widely distributed, 
both geologically and at the present time. Its stnicturo is so peculiar that it 
forms a family by itself (Craniidm), The shell is attached to some submarine 
object by the ventral valve ; the dorsal valve is lid- 
like, and the two valves connected, not by a hinge 
or interlocking processes, but simply by muscles. The 
best-known of the four living species (here figured^ of 
the northern seas, is almost always found in company 
with Terehratidina, which, however, it does not follow 
into the seas of Nortliern America. 

The last family to be descrilnKl, the Lingididw, 
is also one of the most interesting. It existed in 
the oldest fossiliferous strata, and is still found living 
chiefly near the shores of the wanner seas. It may be regarded as perliaps the 
very oldest of the Brachiopods. Indeed, if we may look upon the hinge which 
characterises the other order as a spiicialisation, the hingeless fonns are clearly 
the older and more primitive. The sliell of a Lingula is thin and homy, almost 
flexible, and green in colour. The valves are almost exactly similar, and, as we 
have seen, they arc not hinged together; and, further, they have no processes for 

the suppoH of the thick, fleshy spiral arms. No 
living Lingula is now found in European seas, but 
X. j)y'f'aividata occurs on the American coasts, and 
another, X. anaf ina, in the Philippines. The stalk 
of the former, which is nine time'' as long as the 
body, does not become attached, but moves like a 
worm, and again, like certain worms, makes tubes 
out of sand into which it can withdraw. The 
LingvlkUr. generally live in holes in mud, the 
bottom of wliich is lined with sand. The shell- 
covered body projects above the mud to open and 
feed ; on Ix'iiig alarmed, it sliuts and disappears 
below the suilace. The cilia at the mantle-edge 
form a fine sirve which prevents fcjreign particles 
from entering tie* gills. The length of life of X. 
pyramidata is not moiH'. than a yc‘ar. ^J'he sim- 
plicity of the shell of Lingula, which may best be 
compared with the cartilaginous structui'es at the 
anterior end of a chaetopodous annelid, and its occurrence in tlie oldest strata in 
which Brachiopods are found, seems to justify the conclusion that it stands nearest 
of all the class to the worm-like ancestor. 
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Lingula pyrumidala (nat. size). 
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CHAPTER XIIL 

The Worm-Like Animals, — S ubkingdom VERMES. 

Although it is convenient to have a single group in which to include the 
various kinds of worm-like animals, it has been frequently pointed out that then^ 
is no natural sanction for such an arrangement, and that it is highly probable tliey 
ought to be divided into several subkingdoins. Accordingly, the present di>*isioii 
of the animal kingdom must be regarded as a convenient receptacle in which to 
place such Invertebrates as cannot be readily assigned to any of the other sub- 
kingdoms. This being so, it will be evident that it is only possible to descril^e this 
assemblage of heterogeneous elements by stating that the various classes into 
which it is divided resemble each other in the negative feature of not possessing 
the characters distinctive of any of the other groups. 

Bristle-Worms, or Annelids, — Class Annelida. 

The more highly organised members of this group show unmistakable points 
of affinity with the arthropods, such as Apus amongst the Crustacea, and Peripatns, 
which approaches the Centipedes. It is possible, however, to mention cei*tain 
characters, which, so far as known, serve to distinguish the bristle-bearing worms 

from the artliropods. In 
the worms the jaws, when 
present, arc not modified 
appendages, but are merely 
horny skeletal pieces devel- 
oped from the walls of the 
front end of the alimentary 
canal ; the appendages, when 
present, are not segmented, 
but merely unjointed pro- 
cesses of the sides of the 
body, and certain parts of 
the body are ciliated, or 
beset with fine hair -like 
threads, such threads being * 
seldom found at any stage in 
the life-history of an arthropod. To distinguish the annelids or cha3topods from 
the groups that follow, it nia}^ be said that there is usually a distinct prostomium, 
or lolje in front of the mouth, that definitely arranged bristles are implanted in 
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the segments of the body, and that the latter uro, rlefin(*d (‘xtcrnally by tran8vei*se 
grooves, and internally by septa or partitions, which divide the body-cavity into a 
series of coinpaHinents. 


M AN V- Hristlei ) Oroi r r, — Ordci- I *< )r.ycn.F/rA. 

The Annelids of this oiTler Jive exclusively iji the S(‘a, and may be referred to 
two sections or suborders, the one bedng tlui wandei*ing or roving species, wdneli 
have no fixed al>odo (Errantia), while the other sedeiitiiry forms live habiLually in 
tubes which they construct for tlie purpose. Tn the former of these two subordei-s 
in accordance with the fi-ee 
roving life, tlie front einl of 
the body is furnished witli 
a consj^icuous lobe, or pro- 
stomiiim, overhanging th(i 
mouth, wdii cl i biiai’s eyes and 
feelers. Those forms that 
are carnivorous seize their 
prey with sharp - hooked 
teeth, visible^ at tfu‘, <md of 
the proboscis. TJk^ struc- 
ture*. of on(i of the parapodia 
is shown in the accom- 
panying figure. Jt consists 
of two principal branches, 
an upper (A) and a lower 
(W), each being supportcul 
b}^ a long stout bristle i). 

The ])rauches aw fuidher 
divided into several well- 
defined parts. For instance, 
in the upper there is a con- 
spicuous feeler or sensory 
cirrus (a), and a biloln**! 
leaf-like plate (/^ r), from 
the lower lobe of which 
(e) projects a clustei* of arrovr-shap(*d bristles. Analogous parts may be recognised 
in the lower branch, / being the feeders, at the 1 >,ls(‘ of which is the leaf-like plate 
(/it); while the larger leaf -like plate (7) suppoiis a second and larger tuft of 
similarly-shaped bristles. A well-known example of this group is the sea-mouse 
of the British shortis (Aphrudite arid(Ufi(f \ a broad -bod ii‘d, somewhat slug-shaped 
creature, commonly 3 or 4 inches in length. Like many of the species of marine 
worms the sea-mouse is ornamented with irid(;scent hu(*s, reveak# by cleansing 
the skin of the mud and sand with which it is usually coated. The back is 
furnished with a double row of large overlapping scales, but in the British 
species these scales are concealed by a close felt of hail’s, although in another kind 
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{HermAone hyntrix), common in the Mediterranean, tliis coating of hairs is absent, 
and tlie scales arc exposed, as shown in the accompanying illustration. In spite 
of th(‘ir thick armature of spines, all the sea-mice are greedily devoure<l by fisli 

<jf various kiials, such as 
\ f \ , \ luuldock, and dog- 

1 \ ‘ AnotluT well- 

1 marked family is that of 

the Nereidm, in which 
' %- the predatory character, 
^ ^ /\ / • I j -• . coupled with ceaseless 

'ph ? 'Oy' • activity, rapidity, and 

sureness of movement 
I * " "'N \ reaches its highest ex- 

' \ / y ^ pression. The head of the 

' \ \ / particular species {Nereis 

REA-MOTTSK, Ticrmioite. hyairix (nat. size). incerUt^ represented in 

the illustration sliows 

two pairs of feelers {a and />), as well as several pairs of longer organs of the same 
nature {v), situated at the sides of the head. On the thnist-out and upturned 
proboscis may be noticed the two strong, sliarp-toothed jaws (d) as well as several 


/. \ ] A i A; ■ 


' \ \y 




REA-MOTTSE, TIcrmioite. hyairix (nat. size). 


smaller horny teeth (c). In the worm named Heier- 
onereis^ which is shown at A in the next illustration, 
one of the chi<^f peculiarities is that tlio segments in the 
hinder lialf of the body are not so high as those in front, 
and that they are furnished with far longer bristles, 
whereas in Nereis all the segments arc alike, being con- 
structed on the same plan as those of the front half 
of tlie lK)dy of Heteronereis. The exact nature of the 
connection between these two marine worms does not 
appetir to be und(U*stood. The latter, liowtwer, seems to 
be a stage in the development of the former; but not 
an invariable stage, since adult examples of Nereis 
produce young sometimes like thems(dves, and some- 
times 1 i ke Heie ronere is. Alii ed to the Nere Ulm is Palolo 



HEAD t)K Xereui incerta 
(enlarged 4 times). 


viridis^ of the Samoa Islands. Of this species Stair and Powell write that “every 
year the animal appears during October and November in countless numb(u\s at 
different spots on the c(3ast; but the second swarm is even greater than the 
first. . . . Both swarms seem to make their appearance on the day before the last 
quarter of the moon, and on this day, but especially on the day of the last quarter 
itself, the crowd of them is so inconceivably great that the sea, even far from the 
shore, seems to consist of nothing else. The wonns appear witli the dawn of 
light, and theii* number is at its height by sunrise, but after two or thre^e liours all 
have vanishefl.” Curiously enough this mass of worms seems to be composed 
entirely of living fragments, entire examples being never met with. 

Two more types of roving predatoiy worms are shown in the same illustra- 
tion. Of these, Phyllodoce Uiminosa of the French and English coasts has as many 
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as three hundred to four hundred segjmonts, and may measure as much as 2 feet in 
len^^th ; the parapodia are jlattene<l and leaf-like. During the day those animals 


lie quietly in tlu'ir 
hiding -])l^lC(^s, hut 
conn? forth at twiliglit 
to swim a])out in 
search of prey, wlum 
the whole hody, su])- 
ported and in jiart 
propelled hy th(‘ 
pai’apodia, i‘xecutes 
the most graceful 
w a V e - 1 i k e mo v e- 
ments. C shows a 
species (.)f tlu' genus 
(Uyveni, a compara- 
tively dull coloured 
form, which liahitu- 
ally lies hnkhai in 
sand. Hics(‘ worms 
mak(‘. their burrows 
by means of their 
relatively colossal 
prolK)scis, which is 
stud<led with numej*- 
ous little warts and 
ttieth. From the 
genus Glycrr<( thei’e 
is naturally a passage 
to tlie sivlentary 
group (Tubicola) of 
polychajtous amndids, 
and wt*. may take as 
our first example the 
sand - won n (A ret 1 1- 
cohi 'j)lfie(iloru'iti), i‘i;- 
presenti;d of the* 
natural size in ]> 
of the illustration. 
This wonii reaches a 
length of alx)ut H 
inches. Individuals 
vary, however, much 
in colour, according 




VABIOCS ANNEUDS. 


to the nature of the 


Af Jletcroncrcui stage of Xereis ; Phyllodot'.e laminom ; T/, (ihjeera ; /i, Suiul- 


mud or sand in which 


worm or lug- worm, Arcnicola piscaloriim, (All uat, hIzc.) 
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they are found ; those living in clean sand being of a light tint, whereas black 
specimens frequent slimy sand, strongly impregnated with decaying organic matter. 
The segments of the body arc not all alike; those at the front end being 
furnislied with a few small, widely -separated tufts of bristles aiTangod in 
pairs; then follows a sei’ies in which the clusters of bi’istles an? large, bush-like, 
and close together; while the end of the body is cylindrical and without bristh^s 
and parapodia. The goblet - shaped organ, shown in the illustration, projecting 
from the head is the protruded prol)OScis. This wonn, whicli is found on all 
the coasts of Europe, is used by fishermen as bait. At low water, on some sandy 
shores, it may be found in vast numbers. 

In the family Clymenidai, to which belongs the worm known as Arrnia 
fragilhy the body is only divisible into two regions. The fore-part, whicli is of a 
dirty red tint, alters its shape greatly owing to the retraction and extension of its 



Armiafragilis (nat. size). 


segments ; while the exceedingly long and slender hinder part is of a yellowish 
colour. A remarkable family is that of the Ch(hio 2 )trrt(l(:v, containing the genus 
Ohoitojderits, of which a specimen is represented of the natural siz(i in the illustra- 
tion on p 437. The head is funnel-shaped, with an indentation on its upper side, 
and from this spring a pair of feelers. The body is marked out into three regions ; 
the most striking being the formation of the five segments which compose the 
middle region of the body. From the first segment of this area the parapodia 
stand out like a pair of flat feelers, while the lower branches of these 
feet are spread like a rufl* over the abdominal region. The upper branches of 
the parapodia of the second segment unite with those of the first to form a 
dorsal crest, and between these and the lower branches the skin is much swollen 
and of a violet colour ; the following three segments are swollen and have 
relatively short parapodia. Species of these worms arc found on the coasts of 
Normandy and in the Mediterranean. Like many other marine animals, this 
wonn is phosphorescent, the phosphoric matter spreading like a cloud in the watei:. 

In the next group the gills are in the form of small trees or branches of 
threads attached to the end of the head; while the mouth is unprovided wdth 
either teeth or a proboscis. The creatures spend their days in tubes, fram 
which they can only be extracted by force. In Hermella the body ends in 
a long unjointed, limbless, hairless tail, while the rest of the body bears well* 
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developed bristly parapodia, uik)ii the upper side of each of which there is a 
tongue-shaped gill. The head is remarkable in that the two large feelers blend 



TUBK-woiiM {Ilcnnella), 


into one and bear a few rows of broad, 
Hat bristles. 'Jdicy ai'e thus converted 
iiiio a stoj/per, which closes the mouth 
of tin* tube when the worm is ndracted. 
Ill Tt rrhMa, forming the family Tf're- 
heJluhv, the tubes are formed of fi’ag- 
ments of sand or shell. 

In the family Srrjndiddi the gills 
are riistricted to the fon^-part of the 
Ixxly, aiid the, water set in motion by 
their glistening hairs brings the food 
to the mouth, which is situatcul immedi- 
ately beneath. Th(^ hearl-lolu; is blend<‘d with tin* first s(*gm(‘nt, and not shar|)ly 
marked ofl' from it, as in most of the worms hitherto describ(‘d. These animals 
live in calcareous (chalky) tulx's, the apertures of each tiilxi being closed — when 
the worm has retrciated within — ^liy a tight-fitting stopper, formed from a modified 
piece of one of the gills. The first tube made by the young worm is cylindrical 
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and open at both ends, but as the animal increases in size it enlarges and extends 
its tube by adding on layers of calcareous matter to the aperture at the head-end. 




COMMON HKUrULA, Serj)i(la roufortifidinUu (nul. size). 


Tlio sp(^cie.s of the allied ^eiins HabdUi exude a gluey substaiice, and constnict a 
flexible, leathery tube. In Home cases these tubes are covered with sand, or 
pieces ol‘ sludi, ami comphitely resemble those of tlie TerehcUi(l(f\ Tlie species of 
the genus Awpldcora may bo found amongst R(‘aweed on the coasts of Europe. 


.-':C ® ^ XTV 


r- 


SAliKT.LA. Amphu'ora suMlo *‘^0 tiiiii’.sj. 

Tht^ body is short, mc^asuring less ihan half an inch in liMigth, and composed 
t)f a small numlMT of bristh'-tufted segments. Unlike* tlu* ASV/;^n(/a/ec, the animal 
habitually leaves its membraiunis tube in search of food, when it appears as 
a lively little creature, moving with indiflereuce and facility either forwards 
or backwards. 
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SpARSELY-J jUISTLKI) GuoTTP - -O rdiT Oi.ksocileta. 

The jnost familiar ivprosentaiives of this ^ronp are the eartli-worms 
{Lamhriridif), characterised hy the numerous short sejn^meiits of tlie hody, tl>e 
bullet-shaped, plastic lu^ad-lobts and the lio()k-lik<' bristles whiV-lj form either two 
or four longitudinal rows, and project but slightly above the surface of the skin. 

H 



COMMON KAiiTii-wouM, l/n.tthricHs aff. icoh. {iiiit. size). 


Apart fi'om cc'rtain tliick(‘nings of the skin, earth-worms liav(‘ no special organs 
of sens(', that is to say, neitlier oars nor cy(‘s, although at Ukj sam(‘ time they aiH^ 
liigld}" sensitive to llu^ influence of liglit. Their food consists for tlie most pai-t of 
the dec 4 iying animal and vtg(‘table matter ubsorbe<l from the soil, which they take 
ill huge (juantitiiss into the alimentary canal; but tlay also draw into their 
burrows straws, feailu^rs, leaves, bits of paj)(‘r, (‘te., to sm-ve for foo<l. T]w. muscular 
strength J‘(‘(|uired to o\'ercom<‘. such obstacles is oft(‘n V(‘ry great, and no one would 
suppose that a creatur(' so soft, slimy, and 1<» all appearancii lit‘.lpless would b(^. 
capable of the tjffort ; but tla^ muscular system of these animals is in leality highly 
(h‘.vi‘lope<l, as is shown ])y the strenuous resistance offered to any attempt to drag 
them fjom th(‘ir burrows. 

In Britain there a])])ear to be about twenty Kinds belonging to three genera, of 
which the richest in specitis ar(^ Allol<tboffh<pnf an.l Lumhrk'us, Allirrus mduiViiu^ 
only the s(piare-tailed worm. Earth -w^oj-iiis aji])ear to be spread over all the tropical 



Phi'fnn/rfr ; /iiftil’nffiifs (n;it. siz<*). 


arid t(unp(‘rate parts of the world, ami in some counti’i(‘s attain a size far surpassing 
that of the English species; om^ of the larg(*st (Mlrrorhffifa rajypi) being an 
inhabitant of South Africa. ']1ie average length of this creature is 4 or 5 fe(;t, 
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although it is capable of stretching itself much further, and its width is about 
equal to that of a man’s finger. On account of their burrowing habits, worms 
are not very frc(iuently seen, although periodically — but only aftm* heavy rains — 
they come to the surface of the soil in some numbers. Allied to the earth-worms 
is the rare and (jxtremely slender Phreoryctes mc/nhuniiH, which lives from 
preference in wcdls and shallow water, in which it may be found in the greatest 
abundance in May and June, disaj)pearing in the winter. Another aquatic 
member of the group is Tub if ex rivuLoi'am, a small red, translucent little worm, 
found abundantly on the slimy lx)ttoms of ditches and bi*ooks. These cn^atures 
remain with the forepart of the body stuck in the slime, while the hinder end 
keeps up a continual vibrating movement. Usually they are so closely packed 
that the surface of the mud appears to be red coloured, and when startled, the 
whole throng disappear like a flash into the slima The clear transparent naids 
behave in (juite a different manner. These animals are also found in ponds 

and ditches, whei*e tlu^y 
may be seen winding 
themselves in and out 
amongst the stems of 
duck-weed. One of the 
best known is thtj beaked 
nais {Na is 2>'f‘oboscide(t), 
so called from a feeler- 
like prolongation of the 
head, which is funiished 
with two conspicuous 
eyes. These worms 
frequently reproduce 
spontaneously b}- fission, 
and it is not uncommon 
to see one individual in 
pix)cess ol* giving rise 
to several others. 
Amongst the bristle- 
worms is placed the 
family Myzosfom aiu Ice, 
which was long a puzzhi 
to zoologists. The species 
arc all of small size, the largest, MyzosUma (jiya^^y measuring only a little more 
than a quarter of an inch in length. The body is short and oval. Its upper 
side, which is variously colourf*d, is coveiHul with fine thi*eads, called cilia, and its 
edges ai*e j)rolongtHl into ten pairs of long, sli‘nder, flexible appendages, while 
below th(‘r(‘ art^ five pairs of horny tipptMl parapodia, aiul four pairs of cu])-like 
suckers. All the members of this anomalous family are parasitic upon stone- 
lilies or crinoids, but tln^ degri*e,s of parasitism are various, some kinds wandering 
freely about their hosts, while others cause those cui'ious sw'cllings which appear 
upon the amis of the infested animal. 



BEAKED NAIS, yuis prt/boscUf&i (enlarged 10 tiiiitvs}. 
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The Leeches, — Class Hirudinea. 

Loeclios are worin-like aniinals whicli dirter IVoin tlio bristle- won ns mainly in 
the absenc(i of parapoJia, and also of bristles, as well as in the })r(‘S(‘iice of oiu* cii})- 
like sucker at the himhn* einl of the body, and 
usually of another at th(‘ anterior (*nd. Examina- 
tion of a leech’s ])ody shows that the skin is 
div ided into a nuinl>er of close - set rin^s. 

These, howi‘.V(M*, ai e not the true sc'gnnaits; for, 
as the arrangtiinent of tlui internal organs 
shows, a true segment of tin* hotly — such, for 
instance^ as have been d(‘sci‘ilH‘d in the earth- 
worm or th(i sea-mousc - is conip(»sed of four 
01* live of the dermal rings. The. best known 
(‘xample is the common le(‘ch {Hivf'ifo nu^di- 
species in common use fifty yt^ai’s ago 
foi* blood-h'tting. Tlie body is bi‘oad(‘si in the 
hinder third of its hmgth, and from this point 
it is gradually narjowed towaj*ds tln^ hea<l and 
tail. The head end is furnished with t(*n (‘yes 
arranged in pairs ujk)!! the tii-st (‘ight rings. 

At the tail tlu^rti is a largo (5up-sha]K‘d suck(n‘ 
with a narrow lUick ; is also a s(‘(iond 

suck(‘r 2)lac(3d iijm)!! the h(‘ad round the mouth, 
which is armed with three s(‘micircular tinc'ly 
toothed jaws (japable of b(‘ing worked bac^k- 
wards and forwartls like a saw. Tlu‘ ali- 
mentary canal is of (‘iiormous extent ami 
occu^iies nea?-!}’^ the (*ntir(* cavity of the bo<ly. 

Its fi'cmt i)art, or <eso2)hagus, is a narrowish 
tube?, then follows the. stomach which is e.\- 
2)andi‘d into eleven ])airs of sacs, the last jiair 
of these b(.*ing very long and stj*etching back- 
wards side by sid(*. with tluj iiarrow intestim*, 
which terminates close to the large cui)-sha])ed 
sucker. The structure of the. oigans that have 1 m <11 just <lescrib(i(l explains tlni 
utility of the leech as a blood-Iettei*. Th(‘ crr.itni** adher(‘s to tlu; s2)ot upon 
Avhich it is jdacod by nn^ans of its front suckej*, which lias the mouth i)i the.* middle 
of it. The jaws an*, then brought to bear ui)on the skin and start sawing thcjir 
way into it, Avhih* the l)lood that flows from tin*, wound pass(‘s into the sacs of the 
stomach until th(‘y an* all Hll(‘d ; and since tin* walls of the body as well as those 
of the alimentary canal an^ highly elastic, it is (‘asy to und(*rstand how the creaturt*. 
is able to (3X2>and to two or thr<*(* tiun*s its iioi’inal siz(i. Some, of the* structui*al 
lH>ints cnumerat(‘d a})ove tuv. shown in the illustration on the next l>ag(‘, in which 
1 is the alim(‘ntary canal, with the <nsoj)hagus (<i) and the sacs of the stomach (h 
and c); 2 is the head end showing the cye-sj)ots ; and 3 is part of one of the jaws. 
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Leeches are found in marshes iuid ponds with a bottom of mud or clay, and 
overgrown with weeds. They cannot live long out of wat<‘r and di(i as soon as 

the skin dries, tliough for some 
time tliey may protect them- 
selves from this by the 
excretion of slimy jnatter. 
By day, and especially in 
warm weather, they swim 
about with liveliness, but at 
night and in dark, foggy 
weather, or on cold days tiny 
remain c^uiet and curled up, 
and in the autumn they 
bury themselves deep in the 
mud. They feed larg(‘ly 
upon tlie blood of tislu^s, 
frogs, or mammals, but some- 
times, in cases of necessity, 
devour each oth(;r. After 
pairing in tlui spring, the 
suctional ](‘(jches bore into the 
soft spongy ground just above 
the l(ivel of the water, and at the end of July or thereabouts begin to form their 
C(JC(K)ns or egg-cases, one of which is shown at 1) in the above illustration. These 
cocoons ar(i fonncjd of a greenish mucus, or slimy iiiaterial, and in them from ten 
to sixteen eggs are laid. The mother then closes the apertui’e, and over the whole 



COMMON LEECH. 


.i, From above (iiat. size) ; /i, From the «i(lo, swimming (n.at. size) ; 
(/, Head cut ojieii to show mouth (enlarged) ; 7>, Egg-cocooii (enlarged.) 



BTIIUCTURE OF LEECH. 


1, Alimentary canal — a, CEHopluigus ; 6, Sa(;cular stoimu'h ; r, Last pair of pouches. 
‘J, Anterior end, showing eyes. 3, Jaw. 


])Ours out a whitish saliva-like froth, which upon drying forms a spong}'’ coating 
to the cas(\ The cocoons art' placed in the burrows, and from four to six weeks 
after tln^ laying, tlu^ young ert^ep forth. These ar<^ thread-like ami ch^ar, but like 
th(*. old ones in form ; and apjiear to attain their full sizt‘ in about five years, 
although tlH*y may live as many as twenty. 

The colour of the medicinal leech is black aboves gentirally ornameniiHl witli 
pale bands. This species extends over the greater part of Europe, and has been 
found in France, Germany, England, Russia, and Sweden. Another nearly allied 
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species, II. officinalis, whicli is of an olive-gi-eeii, unspotted colour, is most abundant 
in the south and south - east oi* Europe. Other kinds are found in Morocco, 
Senegal, India, and North AnuTica. In some parts of tlie tropics, such as India and 
Ceylon, land-lt‘ech(?s, whicli abound in meadows and woods, are a terrible plague. 
They live on gi*ass or trees, are exceedingl}’- quick in their movements, scent prey 
from a long distance, and troop in numbers to the spot. Hence a person brushing 
through the jungle beiiomes covert'd with them, unless some prt'cautions are taken. 

Another w't41-known member of the group is the horse-let'ch {Aidostonta 
(jido), cliaracterist'd by its blackish green colour, the great naiTOwing of the fore- 
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part of the body, and the prf‘senc(i of only threi* small teeth in the mouth. Many 
stories are current as to the dangerous nature of tla'sti leeclu‘S, and it is even said 
that nine of them will suck a horsti to death; but although doubtless a voracious 
creature, it is certain that such accounts are fallacious. The liorse-h‘ech lives on 
earth-worms, snails, grulis, and other l(;eches, and c‘ven creeps into th(i shijlls of 
fresh-wattT mussels, and takes up a lodging there until it has dc^vouri'd the. inmate;. 
Another form that abounds in f resh- water ]»onds an<l streams is Nr/IirJis vnhfaris, 
which reaclu‘s a length of nearly two inches, and has foin* ])airs of eyes and tooth- 
less jaws. It a]) 2 >ears to feed ^lartly on animal and jiartly on vigtdable food. 
A second groui) of the Ita.'ches are the (Icitsi mdo', r(;cognised by the slan t flat 
lx)dy, which towards the front is usually stuiiqiy, and ends in a seizing disc 
carrjdng the eyes. The gullet, which is toothless, can be protruded like a proboscis. 
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Different species of tlie f^eniis Clepsine may be found on the leaves of water- 
plants and on the iimhu* side of stonea They are grey, yellow, or whitish in 
colour. Instead of burying their eggs like the medicinal leech, these creatures 
carry them about, and the young after bii*th remain some time with their mother. 
They live principally upon water-snails and young mussels. The engraving 
on p. 448 represents the rock-leech, PonfoMelld mirricatd, remarkable for being 
an inhabit/int of the sea, and also for having the skin covered with warts and 
knobs. The body, which gradually narrows from the posterior end to the head 
is of a greenish grey colour, and the anterior sucker large and button-shaped. 
During the daytime these leeches usually rest partially coiled up, as shown in tlic 
lower figure, and firmly attached by their hinder sucker to some rock ; but their 
muscular strength is so great that they are able to maintain themselves extended 
in an almost horizontal direction, as represented in the upper figure of the illus- 
tration. They feed upon skates and other fish. 


The Gephyreax Worms, — Class Q-ephyrea. 


Gephyreans are marine, cylindrical, worm-like animals, presenting no distinct 
external segmentation of the body, and possessing nothing of the nature of limbs or 
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gills. The skin is homy, 
though not calcareous, and 
often providt^l with tuber- 
cles, hooks, or bristles. The 
anterior end of the l)ody is 
furnished with a retractile 
and sometimes highly- 
flexible prolK)scis, at the 
end or at th(^ base of which 
the mouth is situated ; the 
alimentary canal cither 
trav(u*ses the body from end 
to end, as in Bimellia and 
Uchinrtu^y or is coiled round 
a special spindle muscle, and 
returns upon its course to 
open in the front half of the 
body, as inS'qmncidii^jFhaa- 
ivlo8(ynia, and Phymosortia. 
In the last-named genus the 
head is furnished with a 
circle or half -circle of 
tentacles. The i nnscu lar, 
vasculai*, and nerv(ms 
systems are well-developed ; 
the latter consisting of a 
cerebral ganglion, an ceso- 
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phagcal collar, and a vontral chord, whiles the most important part of the vascular 
system is a dorsal vessel which li(‘s alcove? the alimentary canal. Tliis class contains 
two orders, named tlie Aelueta and Cha^tih'ra. In the former the month is plac(‘d 
at the apex of tlie yn’ohoscis, whieli is ndraettMl by a sjx'cial muscle as in the 
Memertiiu' worms, and the alimentaiT canal o])ens ])()st(*ri()rly in the fjonl half 
of the body. Mon movin’, as tlu^ name of the ordtn- imlicati*s, tln^ inte^^innent is 
without bristles. In tlu^ illustration on p. 444, H r(‘pres(‘nts Vltasrolitxohui one of 
the jifcnora of the order. Here thci narrow(‘d part of the I>ody ir. the t.‘xtend(‘d 
proboscis, which is furnished at the tip with a cluster of tentach‘s. A 
second family of this order is the PriapulU/rti, containing the ^eniis Priifpvhu^y 
of which a representation is j:rivon in C of the figure, li t his Ibrin th(‘ body is 
short, stout, cylindrical, and furnished at tlie tail-end wi^h a tuft ol oval papilh’e. 
The proboscis, which in the is repres(uit(*d as protru(h*d, is sliort, slmnjiy, 

and covered with tootlie<l ridg(\s. ^Ihe animal is found in d(‘i*p water in tlu^ 
seas of Nortliern Europe, living in Imrrows on the sandy bottom. 

The Cluetilera, which in some lespects apjiroach the Annelids, diffei* from the 
Achaeta in having the mouth situat(‘d at the base of the y)roboscis, and the vcmt 
at the hinder end of the' lx)dy, as also possessing a pair of lar^i* hooks 
upon th(^ front half of the lovveu* surface. The b(‘st known is the* ^(uius BinirUia, 
n^presented at A in th(^ illustration on p. 444. I'he jiroboseis is of ^reat siz(^, 
being often many times tlui length of tlie body, and is forked at the ( nd. 'J'he 
males differ from the fenial(‘S, being minute, — not mf)i*(‘, than about one-sixth of an 
an inch long, — covered with cilia, and living within tin* kidn(‘ys of the femahis. 

TriE Whkki.-Animalcules, — Class Botifera. 

The Rotifera, or whe( 4 -animalcul(is, are small acpiatic animals, varying from 
an eighth to the five-hundredth part of an inch in length, and dtu-ive their name 
fi’om the circumstance that the circlets of hairs situat(‘d on th<^ h(‘ad gives ris(\ 
when waving in the water, to tlie appearance of revolving wlu*<*ls. ^Fhci h(?ad 
end of the body is usually broader than tla^ o])j)osite extremity, and terminatijs in 
the wheel, or trochal disc, the edg(‘S of v/lii- h are ^ariously lobed, and clothe<l 
with the vibratile cilia, or threads. The body, which is indistinctly s(‘gmenb‘d, is 
either naked or enclosed in a hard transparent cas(‘, or lorlnt, open at both ends, 
which maybe variously sculptured, an<l arme<i in front and ladiind with s{)iny 
processes, as shown in the annex(al engraving. Tla* posterior end of the. body, 
termed the foot, ends usually in a pair of movabir proet sses, by means of which 
the rotifers anchor themselvt^s to fondgn bodies r)!’ various kinds. Tlie mouth, 
situated in the middle or at the side of tlu? whe«‘l-disc, is a funnel-shaped cavity, 
leading into a muscular gullet (f/), provided with a peculiar armature of 
teeth, which serve to masticate pai-ticles of food that ar^^ sw(‘pt into the mouth 
by the movements of the cilia on the wlicel-disc. The nervous syst(‘m consists of 
a single large ganglion, situated on one side beneath the disc, and sending iorth 
nerves to the surrounding parts, and sometimes Ixung furnished with one or more 
0 y’ 0 .gpots. In all cases the males are smaller than the iemales, and fuithei differ 
in having the alimentary canal aborted and reduced to a solid chord. ^Vlieel- 
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animalcules arc divisible into four orders. Of these, the Ploima may be considered 
the typical order of the class, on account of the numbers of fi^enera, the abundance 
of species, and the restless energy, perfection of stnicturo, and superior intelligence 
of its iru;in])(u*s. L(K*()inotion is effected by means of swimming with the ciliary 
wj’eath. The ordi‘r is divided into two sections, tlu' Loricata, which, as in 

represented in tlu^ anm^xed illustra- 
tion, ai*(; pi*()tected by an (‘iiclosing 
shell, and the llloricata, whicli, as 
exemplified by NoLoiimuda , have the 
integument flexible, and the body not 
protected in a shelly case. The 
habits of the group show considerables 
variation. Many species may be found 
swimming freely or attached to watci*- 
weeds in almost any pond, stream, or 
stagnant ditch; and others, like 
BrachioinLHj one of the Loncata, may 
b(i seen riding in clusters on the backs 
and sides of crustaceans. Amongst the 
llloricata, Bdhtfro atliniH — remark- 
able for having no disc — infests small 
water- worms, to which it clings by 
its enlarged foot - proct^sses ; and 
Brilophaijtu^ hiicfphalus is parasitic 
upon a wat(u*-worm {Lv nihrlcvhis\ 
to which it clings, fe-etling by means 
of its modified jaws. Other species 
again form inttu-nal parasites, the 
genus Alheiila being found in the 
interior of earth-worms, slugs, and 
ann(;lids of the gemus Kdin; while 
NoUmiim^fa may be seen swimming 
freely within the spheres of the 
beautiful Volvox, 

The members of the order Bdel- 
loidea swim by means of their ciliary 
wreath, and creep about like a leech. 
The foot is telescopiciilly retractile, and ends almost invariably in three toes or 
claspers. In this group also the mode of life is varied. Most species are free- 
living, but othera attiich themselves to various entomostracous crustaceans, an<l 
Cdllulhia para hH lea is always found clinging to the appendages of the fresh- 
water shrimp and the aejuatic wood-lousti. A sp(‘cial interest attaches to this 
group on account of their vitality. If specimens be enclosed in a cell containing 
a little sand or moss, the contents may be dried over sulphuric acid or heated 
up to 200° F., or left to the neglected dust of years, and some of the little creatures 
will revive if a drop or two of fresh water be added to the sand. 
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The order Rhizota takes its name from its members being fixed w hen adult, and 
usually inhabiting a gelatinous lube. The foot is not retractile and ends in an 
adliesive disc or cup. In the flowH'r-animalcules ( Flosrtd(/ri(t\ wdiich may found 
everywdnu'e in fresh 
w^ater adliering to wtxnls, 
the edges of the 
disc ai*e pixxluced into 
distinct bristle -b(*aring 
lobes; but in the allieil 
Mdirerla tlu^re is no sucli 
production of the disc. 

Tlie last or(l(‘r, 

Scirtoj)od ; \ , comprises 
only the tw'^o geiuira 
Pcdalion and Hf‘xar~ 
thru, each of wdiich is 
j-(‘j)r(iS(mted by a singhi 
specie's. The tw^o r<'- 
semblt^ (*.ach otlu'r and 
differ from all other 
rotifers in 
thn^e pairs 


possessing 
of limbs, 
fan-shap(‘d 
Tlie body 



(ending in a 
tuft of si^tai. 
is conical with a bi-oad 
square -cut las-id, fur- 
nished with tw^o w'i*<;alhs 
of cilia and a pair of 
conspicuous eyes. In 
Jlcxarthru, which Ix'ars 
a strong superficial re- 
semblance to till' JWftfp- 
larva of some 
crustact^ans, the thnx; 
pairs of limbs spring 
from the VT'iitral surface, 
the fii’st pair bidng consideramy the largest and the third the shortest; but in 
Peddlion thc*y are arranginl round the body in pairs, one limb projecting fnan the 
middle of the back, another from the ventral middk* line and two from each side, 
the ventral limb being tlie largest of the six. By iiKians of these appendages 
the creatures ai-e able to projt'ct themselv(‘s through i\i(t w^uter in a series of 
jerks. Peddluni has been discovered in various parts of Jl^ngland, and ITaxaHhra 
in brackish water in Egypt. The male of Peddlion is a veritable dwarf as 
compared with the female, the l)ody and limbs being greatly reduced in size, and 
the latter merely represented by three stumps, (jach of which terminates in a pair 
of long bristlea 
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The Thread- Worms, or Round-Worms,— Class Nematohelminthes. 

Theso worms are charactcris^jd by having a thread-like l)ody, covered with 
tough, t^lastic integument, but usually showing no distinct traces ol* bcnng divided 
into segments lik(‘ those of ](*ech(‘s and eai’th-worms, and possessing no trace of 
limbs. The sexes are generally distinct. The group is divided into the thret‘ 
orders Acanthocepliali, Nematoidea, and Chmtognatha. 

Siuny-Headed Thread-Worms, — Order Acanthocephali. 

In this order is contained the single genus Echinorhynch/iifi, wliich is appro- 
priately named for animals possessing a protrusibh^ proboscis, armed with sevei-al 
rows of backwardly-directed spines. The chief character in which this order 
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differs from the next is the lack of any special alimentary canal and digestive 
apparatua In the adult stage the species of Ecliinorhynchxia are found in the 
intestines of vertebrates ; the large species figured above {E, gigas) infesting the 
pig. But in order to reach its final residence in this host, it has to spend its early 
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days in the grub or maggot of the cockchafer and allic^d beetles. These latter are 
rooted up and devoured by pigs, which tlius unconsciously swallow the worm. 
Similarly, E. proivnH of vai-ious tish lives in an immature state in the intestine of 
the wati‘r- shrimp, which swallowed it while still in the egg; and E, movi- 
llferiis^ which occurs adult in such rodents as hamsters and voles, lives <luring 
the larval state in ])eetles. Another sj)eci(‘s, E. judij^vorph as, has to be trajisplanted 
from tlui body of th(i wab^r-shrimp into that of a duck to ]*each niatui'ity. 

TvincAL Thuead-Wohms, — Order Nematoidev. 

^J"hc illustration showing the growth and st )*ucture of one .)f the thread-worms 
{Rctn(ilou'}/s\ an inbirnal parasite of the frog, is intended show the* mode of 
development typical of (h*’ wle»]<‘ group. The egg is elliptical, and contains a 
mass of granular proto])lasm, the external wall of which soon becomes marke<l out 
into a layer of large ci'lls. Meanwhile th(‘re appi^ars at the side a distinct notch 
or nick, which, sliallow at first, gradually deepc'iis, until, as shown in tlu' tiguri*s, 
it ]*e])resents the S2)ace enclosed betwe(‘i> the head- and tail-taids of the bent-up 
(aubryo, which ma^' be recognised respectively by their blunt and pointed 
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extremities. The (‘xdernal layer of cells becomes transform(‘d into the cuticle, and 
the mouth apj)ears as a d(‘])i’(?ssion at the (‘iid of the blunt h(‘ad. When tins 
muscular system and alimentary canal ai(‘ de\'elop(Ml, Ukj (‘m})ryo liatches in the 
form shown in (lu* bottom right-hand figure. .Most of the species l(*ad a parasitic 
life, childly in animals; many, however, are f!*«‘e-living forms, occun*ing in damp 
earth, fresh water, and tlii^ sea. A g(‘nus, with marine hal)its, has i-eceivcMl the 
name cf Enojdus, an<l includes small, slim, trans])arent creatur(‘s, some of which 
are provided at the front (aid with isolated bri-lles (as diown in the illustration 
abovii), while many are furnished with a ])e.cnliar spinning - gland, opcaiing 
beneath tin; tail. According to Schntader, “as sin>n as the animal has lixed its 
tail to something it moves on, and draws after ir I lu‘ s(‘cr(‘tion in a transpai*(‘nt 
thread, which is often several lines long. One end of this tliread sticks fast, and by 
the otluii* th(‘ animal ihjats freely in the watt.*r.” The \ ()ung ar(‘, found in shalhjw 
wat(T, and may bti seen crawling on tlu^ surfaci^ of scaw^ e.ls : but the matui e animals 
occur at depths of from two to three fathoms. As anotln‘r exam])l(! of nun-parasitic 
species, we may take the coniiiioii vinegar-eel {Aiujivllhiln), Wm magnified figure 
of which sliows that the body is bluntly rounded at the h(‘.ad-end, and narrowed 
and pointed at the tail. The greater part of the body-cavity is occupit'd by the 
alimentary canal, which travers(*s it almost from end to end. The oval particles 
contained in two tubt*s, whicli unite* and ojm'ii liy a common orifict^ are the eggs. 
This worm appeal’s to live both in vinegar and pastt*, although it does not secjiu 
to derive its nourishment directly from either of these substances, but rather from 
VOL. VI. — 29 
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the microscopic fungi growing in tliem. These worms now appear much rarer 
in vinegar than former observers liave represented ; and it is suggested that the 
reason of this may be that vinegar is no longer made from wine or beer ; since, in 
the viiK^gar obtained from the two latter, tliere probably remained much sugar 
and albumen, wliich form a favoumble basis for the growth of fungi, and therefore 
for the eels. The maturing and propagation of these animals cannot take place 
in pure vinegar, but only amongst fungi, where a nitrogenous diet is offered. 
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Vinegar now never contains a<lult eels, but, at most, larvm and the innumerable 
little creatures supposed to Ik? seen upon shaking a bottle of vinegar are, for the 
most part, notliing but the skin-skel(*tons of these animals. Nearly allied is thq 
wheat-eel (Tulintclius friiivi), which is the cause of a serious disease to the cental 
from which it derives its name. In the ears of wheat aflccted by this worm the 
grains are misshapen, blackish, and consist of a thick hard scale enclosing a white 
powdery substance, composed of the larval forms of the worm. If grain 
in this state is sown in moist ground, it merely i*ots; but the larvm awake to 
activity, and scatter over the ground in search of another growing blade of com. 
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It* thoy fall in with one, they staH to cret^p up it, and niountiiig ever higher and 
higher, as thi^ coni grows, nltiiiiahdy succeed in reaching the suiimiit. Idiey then 
attack tht‘ soft 
grain, hore into 
it, and form gall- 
like swellings, in 
the midtlle of each 
of which there is 
a larval worm. 

Here the worms 
quickly deviOop to 
normal jue fection, 
an<l after tlu' 
females 1 1 a ve lai < I 
a larg(i (|uaniitv of 
eggs, both they ion I 
the males dii*. 

8iibse(im‘ntly tlie 

eggs hatch, and tin* lai’vie, which constitute the ]n)w<lery substance I'ld’erred to 
abovii, mak(^ tlnuj* apiiearance. Somewhat similar diseases are iij'oduced in othei’ 
grains by memb(‘rs of the same family ; am! tln5 turnijMH.d (Hdcrodrrtf) is very 
d(‘structiv(‘ to r(.)ot-cr<qis. 

Of the parasitic forms, the genus Uhiihdonfinn has a remarkabh^ (bourse of 
development, out* species (/e // /7/v>?;cues*a/a ), which is about threc-ijuarters of an 
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inch in length, living, sometimes in gi*nit nunilH-rs, in th(^ lungs of frogs. Tliis 
species is hermaphroditic, and ])ro<hic<*s innunie]\M)>io young ones, which liorci their 
way from the lungs into the aliiiu*ntary canal <*i’ their host, wlaaicc; they are 
expelled with tin* remains of tln;ir food. ’^I'hey tle n develop in a few days into 
free-living, separately-sexed individuals, bearing a cl<>s(* i-esemblance to anotlnjr 
free-living worm {Jiluthdii Is). These individuals hv«M r| ; the females bear one 
or two young a})iece, and these, after devouring tlieir iiifither’s vitals, and making 
their escape by bursting througli the skin of lier body, pass through a frog’s mouth 
into its lungs, and become tlni hermaphrodite adult. Another speci(ss (R. strontjy- 
Joides) is of interest, inasmuch as it is parasitic in man in warm climates. 

Two more ]<*markahle Nematoi<ls may be mentioin‘d, both of wdiicb inf(\st 
insects. Tins lirst of these, Ai rurtonanui (jlhhoswin, is found in numbers in the 
body-cavity of the larval and adult stages of the midge ; the completely- formed 
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worm reaching a length of nearlj’ one quarter of an inch. Its shape is unusual, 
on account of the presence of a liump projecting like an excrescence from tlie 
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Af Male ciilargctl : a, nat. size. 

71, Kciiialo enlarged ; nat. size. 

Of Brood-i>oach of female (ic) ; c, nat. size. 


surface of the abdomen, some distance 
from the tail-end. When fully formed, 
this excrescence amounts in size to half 
the length of the entire worm, and contains 
the young, which, after making their 
escape, undergo a short development in the 
body-cavity of the midge, then reach the 
outside, where they arc transformed into 
mature males and females. After tlie 
pairing of the sexes, the males perish, 
but the females again enter the larva and 
start another cycle of metamorphosis. 
The second kind (Sphairularia h(nnhi), 
which infests humble-bees, closely re- 
sembles the first in development ; but the 
excrescence, oi* brcxid-pouch, of the mother- 
worm is changed into a tube, and ultim- 
ately reaches a size from fifteen to twenty 
thousand times as great as the parent, 
which dwindles in size in proportion as 
the sac grows. The life-history of this 
worm is shown in the illustration, where 
A is the free-living male, B represents the 
free-living female, and C is the parasitic 
female {w), with lier brood-pouch. 

Of the thread -worms infesting tluj 
liuman l:)ody, one of the commonest is 
Ascaris himhriroidfs, which is found in 
numbers varying from one or two only 
to over two thousand. These worms 
usually infest the small intestine, but 
sometimes enter the stomach, or even 
penetrate into the liver. Large examples 
reach a length of G inches or more, and 
the females produce about sixty millions 
of eggs annually. These are naturally 
dispersed abroad everywhere, and as the 
young worm retains its power of growth 
in spite of frost, drought, and, in fact, the 
most unfavourable circumstances imagin- 


able, and is, moreover, far too small to be noticed, we need not feel sui’prised at 


the prevahuice of the pest. The form and some of the structural characters of 


this worm are shown in the two illustrations on p. 45Jk In the uppermost, 1 is 


the male, and 2 the female, of tlie natural size, 3 being the egg, enormously 
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enlar^(Ml; the lower illustration depicting the upper (</) and the lower (/>) side of 
tlie liead, witli tlie proiniiuait lips. Other niaininals, besides man, are the liosts of 
tlifferent species of For instance, is found in do^s and cats, 

and someiiiiH's (‘ven in jnan ; whih‘ A. IwDthrivoidr^ also occurs in swine. A large 
species, A. nifyifliKrjtlufl os, the fcanaleof which reacli(‘s a lengUi of ov('i* a foot, lives 
in hoi-ses and cows. A scjcoiid common parasites of mankind is Uxyitris venni- 
mldris, a small, white, sharp-tailed worm, which measures about one-qua - ter of 
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an inch in length. It occurs abundantly in childrtai and growing j)oople. As, in 
th(‘ case of Asnfris, it seems that b(‘fon^ developnuait can tak(^ ])lae(^ th(^ egg must 
pass out of th(‘ liost, and again make its entry into the alimentary canal through 
the mouth. Th(‘se worms ai*e so small and 


liglit that, when dri(Ml, (‘V(‘]y current of air 
■will scatter them, and tlu‘y may make their 
way into th(^ alimentary canal of theii’ host 
in connection with almost any kind of food. 
IVj the family b(‘longs a danger- 

ous parasite, Jhs it ot i n.s* d oodruaJ Is^ occurring 
in the intestine. It is about half an incli in 
length. A pi^ciiliarity (»f this species and 
otlnu’s of the genus is that- the posterior end 
of the male is fui nisluMl with a curious bowl- 
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or fan-shapc-d ruff, Avhich is ofbm sup])oi-ted 

l)y thick ribs Or and c of Un‘ tigure on p. 454). gulk‘t, at least in individuals 

that are still growing, is furnished with strong te^ih ih). ^^ b(‘n this worm a]>p<‘ars 
in masses, it jiroduccvs the disease known as Egy[»( aoi chokr-a. 

The accompanying illustration is an enlarged view of the head ol (Urvnlhnrirs 
de(](V)is,f:i parasite in fresh-water fishes like the. jur eb, and liaving for its inter- 
mediat(‘ host the Ci-ustacirin dt/rlops, Th(‘ woi-m is about half an inch long, and 
the aperture of its moutli forms an <‘llij)tical case with thick brown walls. The 
female beai’S living young, which creep forth from their egg-cases while still within 
their mothers body, wIutc they may be counttsl in thousands. lh'ot(;ct(Ml by a 
tough skin, the worms, which havt? reached the outside world, freipumtly live for 
several weeks in the water on the look out for a favourable host. Having conuj 
across, and made their way into a Cydofts, they undergo various changes, but only 
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iJodmius tfiwiknuHs. «, Entire ; h, Head (enlarged) ; 
(', Tail (enlarged). 


reach in this host a length of about ono-twelftli of an inch, their complete 
ilevelopinent only taking phice after the swallowing of the infestc^d ( hjvlojm hy n 
fisli. Another meinber of tlie same family is tht^ 
t ntrhfufl is, which owtvs its double name* to the fact tliat tlie 
males and females are found in pairs in the windpipes of 
various birds. They sometimes occur in such numbers that 
the inflammation set up by their blood-sucking suffocates their 
host. The eggs appear to be brought up into the bird’s mouth 
by crowing, or by the choking cough that the presence of their 

parent causes. „ 

They are then 
swallowed, and 
pass out through 
the alimemtary 
canal. As soon as 
they have obtained 
sufficient damp- 
ness and warmth, 
tlioy devedojj in 
about a wfiek’s 
time into small 
thread -shaped em- 
bryos, witli a blunt head and pointed tail. These obtain an 
entrance into another, or tlie same birds mouth witli the food, 
and tlionce pass into the windpipe. 

P(!rhaps the most dangerous of all human internal ])arasite 
worms is Tvichiua ffjnralLs. In tlu^ mature stage these 
creatures live in the intestines of mam- 
mals and birds, where they propagate and 
gradually perish. The females are about 
one-eighth of an inch long, and twice 
the size of the males. In both sexes 
the mouth lies at the front end of the 
body, which is its narrowest j)art; the 
tail is stumpy, and in the male provided 
with a pair of short processes. Tlie 
nund)er of progeny produced by one 
female may amount to some tliousands, 

and as soon as these are born they make their way into the 
blood-vessels of their host's intestine, where they are carried 
by tlie circulation to some more distant part of the body, and 
ultimately come to a stop in one of the muscles. Here by 
feeding they grow in a few weeks to four times their original 
size, and form between the muscular fibres a great cyst 
or capsule, in the centre of wliicli the worm lies coiled up in a spiral. It has 
not been ascertained how' long the creature can remain in this immature state, but 
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coriainly for yoai's, and perhaps decados. Tt can, howeveiv develo[) no further 
until introduc(id into the int«*stiii(‘ of a ssuitahle host. For instaiK*(\ if the inuscleH 
of a pi^ !)(' iufest(‘d with Iriehinas, aixl 4*aten in an unecK>ke<l state hy a human 
beinj;, the iuimaturo worms are set free in the intestine of the lU'W liost, wliere 

thej” grow to matu- 
rity, and produce 
young. To the 
genus Filar la be- 
long two otliei* 
worms paras! ♦ ic 
upon man, and 
caus(i of sich'j.r.s. 

One rommonly 
known as the 
guinea -worm, and 
occurring in th(‘ 

tro])ical ainl subtropical countries of tin' Old World, lodgt‘S 
its<‘lf beneath tln^ skin, jiroducing abscess(‘s. It may attain 
a Kaigth of s<'V(‘ral feed., and the operation of extracd^ing it 
from th(‘ ])atient demands considerable skill and pati(*nc(‘. 

1'lie si^cond speci(‘s lives in the blood aiul lymphatic vessels, 
and is said to cans(‘ elephantiasis. The larva* are suck(*d from 
human blood by mos(piito(‘s. When the insects p(*rish, the 
worms mak(^ tla'ir esca])e into wat(‘r, wher(^ they attain 
maturity and products tlieii- young, which ar<^ subsecpiently 
taken into tlu* human Inxly when th<^ water is drunk. 

The family of hair-worms, (iar(lil<l<f\ owi* th(di* Knglish 
nanu* to the ]-i*s(*m]>]ance that their long, black, shuider, Ilexible 
body }M*a]*s to a hair from a- horse s mane or tail, and their 
sci(‘ntilic tith*, (lordlus, to th<^ p(‘culiar habit th(i animals 
ha-ve of tangling and entwining tlamiseha s in a way that 
may be compar<‘d to a Oordian knot. Th»* b(‘st-known 
sp(‘ci(‘S is (L <f(i n<(f tras, tli<* av(‘rage length of which is about 
4 inches, although s])<‘cim(*ns three timers that h‘ngth havtj 
been obtain(‘<l. Th<i width of a male is al>our oiK'-thirtieth 
of an inch, tin*, fen>ah‘S being slightly wider. Tie- piwailing 
colour is brown of various shades; the nia](*s, however, are 
always darker and more polished than the feinale.s. and an*, 
often of a deep shining black, while the females vary fi*om 
light yellow to deep y< 'How -brown. Upon the, middh* of 
the abdomen, both in males and females, runs a long dai*k 
streak, visible even in the* darkest mak*s. Anotlier inai-k by which the male 
may be recognised is the bifurcated tail etnl. Although living a free life in 
the adult condition, these, worms spend the great(‘r pai-t of their lives, up to the 
last period, in certain insects. The young hair-worms, as they issue from the 
egg, are scarcely more than one tw^enty-fifth of an inch in length, and most 
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curiously shaped ; the body bein^ cylindrical, and consisting of a thick fore-part, 
and a thinner tail-likc appendage. Out of the front end of the body a sort of hea<l 
can be thrust, wliicli is armed with two circles of small hooks, and tipped witli a 
horny pi-ol)oscis. Witli these instruments the crt;atures, in tlie first place, l)(;re their 
way through the egg-shell, and, having made tlu'ir escape, Ji(i (piietly at the bottom 
of the water without appearing to wander in search of a host. Insects, how- 
ever, in the adult and larval stage alxmnd in most fresh waters, and sooner or latc;r 

the young worms come 
across them. They then 
seek out a soft spot, bore a 
hole by their apparatus of 
hooks, and by a seri(*s of 
contractions and extensions 
of the body force an entivince 
between the muscle -fibres 
of tlio limb, whence they 
spread into the body-cavity 
of their host. In the illus- 
tration, (t and h show two 
views of the larva with its 
armature of liooks, and c 
iHipriisents two that liave 
effi‘cted an entrance into the foot of the larva of a May-fly. They also infest in this 
way water-bugs and gnats. All these water-insects, howtwer, are liabk^ to devoured 
by fresh-water fish, and by this means the young hair-worms are set free in the 
intestines of tlu^ fish, wheix^ they uiuhu'go their 
metamorphosis, and after five or six months pass 
into th(^ water in tlui mature form. Nearly allied 
is the family Mrrmith i.diVy containing the genus 
Menais. Like the hair-woims, tlu*y occur l)oth 
singly or coiled up and entwined with each otiicr. 

The (iggs ai’e curiously constructed, having the 
form (^f huiticular capsules, with a pair of tassel- 
sliaped appeiidagivs projecting from their flat sur- 
faces. Eggs of M. (flhicdiis laid in the summer do 
not hatch until the spring. After remaining a 
short tiiiuj in the. earth, the young search for insects and larvnB, bore a way into 
their bodies, wluu'e they gradually grow to maturity, and ultimatcily pass out to 
lead a free life, when tliey pair and lay tlieir eggs. They may be found in cater- 
pillars, grasshoppers, and more rarely spiders. 


I-auva: of Oordlus—a, showing prolioscis, and 6, circlets of hooks on the 
; r, two exaruplcs lodged in the toot of a larva of the May-fly, 



Eor.R AND LARVA OF MeniuN (<nilarge<l). 


Aurow-Worms, — Onler CH^hrrooNTATnA. 

The small group of worms include<l under this lieading are of doubtful position. 
They are glass-like, traiLsparent creatures living in the sea, near the surface of 
which they swim in numbers. They are most active and vigorous swimmers, as 
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bo oxpc^cted from th(dr sbmder build, and tlio presenco of a larj^o horizontal 
till at the sidiJH of tlio hinder lialf of the Ixnly, projecting btyond tlu^ taiJ. The 
shape of tla- body and the presence of tlio large, tail-tin suggested the name 
Th(‘, head is bluntly roundiMl and furnished with a )>air of eyes, a j>air of fetders, 



and an armature of close-set horny teeth, all of whicli must be of the greatest 
service t(j the animal in its roving, predaceous life. 


Tjie Nkmertine Worms. — Class Nemertinea. 

All the niemlxu’s of this gi*oup a!*(‘ characterised by having tla* l)ody (dongato 
and flatb'iKsl, at h ast on tlu*, abdominal siilo; at tlie front end tln^re ar(i frequently 
two clustc'rs of (.‘y(‘M, an<l two apertun^s, one of which leads into the alimentary 
canal, and the otli(‘r into a cavity containing a p{‘culiar organ known as the 
proboscis. I1i(i latter, which is used as an instrument for pndiension, can Ix', thrust 
out with sw'iftness to a considemble distance*, and in many sp(*cies is arm(*d in the 
middle with a sharp spik(^-lik(^ tooth and some smaller ones at the sides, which are 
brought by d(‘gi*<‘<*s into ust*- as the large imslian one is worn 
away oi* fractun‘d. This oi-gan is shown pi’ottnidcMl in a small 
marine species < fhscnriiw) \\\ the illustration on 

this page, and r(‘tracted within the Ixydv in tlu^ full illustra- 
tion of the animal on j). 458. 1die cn^ature thrusts forth its 
proboscis with lightning spe(;d at jifissing animals, such as 
ci’ustaceans. The figure of T. olhsctfruni ihu^^t rates other 
characters in the anatomy of these animals. The two 
swellings situat(*d in the hea<l end and iiniied by a cross 
biddge constitute the bi’ain or chief centn? of the nervous 
system; running backwards from each to th(^ hinder end of 
the body is a long nerv(*-chord, supplying the inuseh s and 
other organs of the Ixxly. Tlie winding curled tuln s, which 
also run the length of tin; lx)dy, are tin* so-called wabn*- 
vessels. These worms, which have i*eceived their ge,n(*ric name from tlni pre- 
sence of four eyes, are wi<](dy distribut(‘d, most of tln^ species being minute, 
and commonly found among s(^awe(!d, The worms of this gioup that have 
hithei’to be(?n discussed have the prolx)Scis ann(‘d wdth stylets, and are conseqmmtly 
called the Hoplophora, or armed nemcrtincs. The sc^eond division, namely, the 
Anopla, — comprising those kinds wdiich have no spines upon the proboscis, — contains 
some of the largest species of the class, Meckelia 8oraatoto7)ui reaching a length of 
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from 3 to ov(»r 0 iucIk's. It is a long, flat, whitish-coloured creature, occuiring on 
mu<l(ly gi*ouii<l and l)(‘tw<‘(‘n tlie hi’anclies of coral ; and has rec(‘ived its nanic^ from 
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the ha])it of breaking up into pi(;ces at tlie least touch. Tlie 
vitality of tin; si^v(n*ed pieces is so grest that the head en<l 
has the power to re-form a nt‘W tail, ami the tail end a new 
head, and the intermediate pieces a new head and tail. 
Another common kind is Polia cmr lycra, so-called because 
its greenish lx)dy is marked witli five longitudinal white 
bands and transverse white stripes, forming togetlier a 
sei-ies of crosses. These worms arc‘. long and sl(Mid(‘r, reaching 
a hmgth of alxnit Ifi indues. The proboscis, moreover, when 
protruded, adds anotlun* G inches to their ext(‘nt. Th(‘y ar(^ 
found most abundantly in jaeces of rock riddled with hol(‘s 
and galleries by boring sponges, and they also intertwiiu* 
th(^ms(dves amongst tluj prongs of branching-corals, as shown 
in the illustration. 

Most marine luiinertines pr(‘fer rather shallow watei*; 
but some occur at considerable depths; and a pelagic species 
from the Indian Oc(‘an, oi*iginally describiMl as a mollusc, 
under the name Ptcrosonaf pbuiaw, is a transparent 
creature, whose internal oj*gans, (‘specially the ch(‘stnut- 
brown digc^stive apparatus, an^ visible through tla* colour- 
less integument. The body diminishes from the front 
towards the bindtu* end, and at thii si<les is marked out by 
d(‘ep notches into a series of five l()b(‘s, of which the fii'st 
pair an^ enonnously large, and have th(‘. form of two 
semicircular wings. The use of thesi* is doubtless to enabh* 
the creature to float or swim in the wati‘r. All tlu^ fore- 
going are fr(‘(5 living types, but we, now come to foj*ms 
not unfre(jut‘ntly found living parasitically 
under the gills of various marine nuflluses. In th(‘st‘, the 
body is short and broad and caj^able of but little change 
in shape at its hinder end : it is furnislu'd with a sucking 
apparatus, by means of which th(‘ animal adheri‘s to its 
host. As stated above, almost all nemertines ar(i of separate* 
sexes: and in soinc^ marine s^x'cit's the development of the 
young is so remarkable that it is impossible to pass it by 
without notice. The young which issue from the egg are 
so unlik(* tlu‘ jmrent, that no one would at first sight suppose 
them to Ix'long to this group. The larva, as shown on 
p. 4()1, Ix'ars some resemblance to a helmet, and has Ikxui 
named Pilltittnn. This creature, which is covered with 
cilia, swims near th<^ shore for some time, wdiile the young 
nemertine is developed inside. As soon as this has acipiired 
its cilia, and attained a certain stage of maturity, it breaks 
from the pilidiuin and starts an independent life. 
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Thk Flat-Woiuis, — Class Platyhelminthes. 

Tho rtat-Nvonr.s an* i*liara(!teiist*d by tla* absoncv uT a Jistiiict vasciilaj* system, 
ami by tlu* alimentary eanal bein^ either absent in* with no |)ost(‘rior outlet. A 
nervous system is (hjvelopeil, eousistin^ (‘itlier of a m‘t\vuJ*k of nervi‘s, oi* sonic- 
times of a distinct brain and lateral chords. Tlic excretory organs an*, composed 
of hiKi tubules opening to the exterior, ami the body-cavity is reduced to a set of 
slits in the tissues. For the most part the sexes are united in one individual. 
Sometimes a s(‘xual ivproduction occurs, accompaniedi hy an alteration ^f g(‘m*ra- 
tions. Then* are three oi d(‘rs of Hat-worms, namely, the tape - worms, the 
inanatodtss. and the tui'lK lIarians. 
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Tape-Wohms, — Order ( 'estoi >a. 

The members of this extensive group an* internal ])arasitical worms with 
the body dividi^l into a numlK*r of s(*gments. Tie re is no trace of an alimentary 
canal, nutriment beiijg obtaine<] by the absorption of juices through the entire 
surfime* of the body. The head is furnished with suckers, or hooks, or both, by me.-ins 
of which the worm adlieres to the walls of the intestim* cd* the host it infests. 
The nervous system consists of a ganglion in the liead, and a coi*d on each side. 
As a well-known exanijde, wt^ may take Titulff sfifjl om; of the human tape- 
worms; and since its structure ami tin! phas(*s thi'ough which it pass(*s in tlje 
course of its development are thoroughly known, a detailed discussion of its 
characteristics will serve as an introduction to the, study of tlie group. lu its 
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mature state tliis worm, wliich spends this stage of its existence in the human 
intestin(\s, may reach a lengtli of 5 or 6 yards. Its head is relatively minute, 
bt‘ing only about e(|ual to tliat of an average pin in size, and furnislnid witli 
four suckers, by ni(‘aiis of wliicli tlie creiitu]*e adhej*t*s firmly to the walls of the 
intestiiKJ. The head is followed by anari*ow piece called the n(;ck, which gratlually 
passes posteriorly into the trunk. It is not jointed, but where it merges with the 
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trunk it becomes marked by shallow grooves, gi*owing deeper and deeper as they 
receihj fi-om the head, until ultimately tliey divide up the body into a chain of 
flattened, square or oblong segments, of which there may be many hundreds. 
Each segment is called a 'pro(]loitis, the whole series being tei’ined proglotfhJes. 
The muscular system is fairly well developed, and consists of fibr(\s ninning 
lengthwise throughout the segments and across from side to side, and of others 
passing fmai the upper to the lower walls. By moans of these muscles the worm 
is able to shift at will its point of attachment to the gut, and to lengthen or 
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shorten its body to a very considerable extent. Tlie chiei* centre of tlie nervous 
syst(‘in lies in the head, and from this poj-tion, which may b(‘ called the brain, 
nerves pass forwards to snp})ly the suckci's, while a single stout cord runs back- 
wards on each side to the end of the body, 


lying close to the edge of the segments. As 
already point(‘d out, theni is no trace of a 
mouth nor intestinal canal, although there is 
an excretory organ, consisting of a ring-shaped 
vessel in tlu^ hea<l, from which four tulies, 
corresponding in position with the sucker, are 
prolonged backwards. Ihvo of these soon 
vanish, but the others Ij’ing near the edges of 
the s(‘gm(‘nts, close to ilie inner side of the 
nerve-choi’ds and the longitudinal muscular 
band, extend to tht* hiiuhii* inid of the body, where 
they unite and communicat(‘ with tht‘ exterior 
by a common a2)erture. At the hij)der end 
of (‘ach of the, segments tla^sci two ducts are 
united by a third, which runs across from sidii 
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to side. In addition to thes(i structun‘s, each 


fully-grown sc^gnient contains a complebi set of organs for the formation and 
fertilisation of eggs, of which an immense number are developed. The mature 



s(‘gments b(‘gin at a <listanc(^ of about a foot from the hend, 
and those at the hinder end of th(‘, body are the tii*st to become 
<liHtc‘nd(‘d with (‘ggs ready to hatch. The eggs, however, are 
not laid within the human body, but the ripe segments bre^ak 
off one by one, beginning with the last, and pass out of the 



intestine. The }*uj>- 
ture is effect'd by 
the contraction of 
the muscular fibres, 
which acts upon the 
transvei-se vessel of 
th(; exendory system 
of th(i S(*gmeiit in 
front, in such a way 
that a fresh terminal 
j)ore is formed. The 
rij)e or 

segment niady for 


HUMAN TAPE-WOHMS. 

a Tirnia sniium (iiat. siz«0 : h, r, J, Head eularj'cd ; e, Si-gmeiits ; 
Segment <tf Ttniift s^njlmifu (i*iilarge/I). 


separation, is litthj 
more than a sac 
that is crammed with 


minut(‘ spherical (iggs, set frt*** by th(i bursting of its walls. In this way the 
eggs, which, on account of their thick probicting shell, are able to withstand the 
most unfavourable conditions, arc disseminated abroad ; and, owing to their vast 
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numbers and minute size, some ultimately succeed in making their way in 
coniKiction with eitli(U' food or water into the stomach of an ox. Here the egg- 
shell is dissolved by tli(‘ action of the digestive fluids, and a small embryo, the 
jrro^rolr.r, is set free. Hi is embryo is a small i*ound creature furnished with six 
hooks, arranged in thren; paii*s. Upon this proscolex the gastric and intestinal 
jtiiciis have no inflect; but inst(‘ad of undergoing further d(‘V^elopment in tin? 
alinumtary canal of tlie ox, it bores by means of its hooks into the bkxxl-vessels of 
its host, and is thus carried by the circulation into the Tiiuscles, liver, lungs, brain, 
or othej* suitable resting pkice, where it starts its growth. Here it elongates, 
and becomes larger, whihi tlui hooks drop off and the cimtral poi-tion licjuefies, so 
that a bladder of fluid is formed. When these bladders — which are oval and 
about a quarter of an inch in length — are found lying side by side between tlui 
muscular libres of beef, the meat is spoken of as measly. The next ste]) is the 

formation of the head, which takes place in the fol- 
lowing way. At one spot on the side of th(i bladder 
an infolding of the outer skin takes place, and this 
elongates until convi'i-tiid into a hollow sac project- 
ing into the cavity of the blad(l(‘r. At four 
ecpiidistant points nciai* the Ixjttom of tlie |)ush(Ml-in 
sac the suckers of the head appe^ar. The head 
therefore is developed outsid(*-in, but subsecjueiitly 
it is pushed out, and the embiyo, which in this stagci 
is termed ('yst/irerrvs consists of a head, a neck, 

and fi bladder. Beyond this stage* the tape-worm cannot go so long as it ri*mains 
in the body of the ox. If, however, the latter be killed for food, and its aflected 
flesh (\*iten in an uncooked state, the bladder and n(‘ck of tlu^ ([i/s / are 
dissolved by the digi3stive fluids, while tluj head, which 
is oftt'ii spoken of as the fixes itself to the walls 

of the intestine, its nock gi*a(.lually elongates, and the 
l)ody grows and lK*comes divided into segments, or 
firoghtit ulen. Another common tape- worm in Europe is 
T. which is scarcely so long as 1\ fxagimda, and 

may be distinguished by the presence of a circlet of hooks 
on the head in front of the suckers, as well as by the 
smaller number of egg-sacs in the I'ipe segments. It has 
long been well establislu‘d that human l)eings share with 
pigs in the br(*eding of this taixvworm, the blad<lei* worm 
stagt3 (rdlalostv) Ixiing found in one of these (piadrupeds, 
and the cycle of d(3velopmeiit similar in all respects to 
that of 7\ sagiudUt. In addition to being found in swine, 
the bladder-worm stage of 7\ mliiinh also occurs in a few 
other animals, such as monkeys and dogs; and even in 
man, if through any accident an egg has been swallowed, 
the (Ufd ’unvuxi duly mak(*s its appearance in the muscles, 
heart, brain, or eye, and may thus he the cause of very serious consequences. 
Another tape- worm (2\ ciicameiuiut), sometimes found in man, frequently lives in 
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abunil?inc(' in do^s and eats. Hany otlior tapt‘-worins live in tlu'se inannnnls, oni^ 
of the coniinonest infesting tlie former lK*in^ T. distinguislu*d by a double 

row of h(x)k.s on tlu^ lu^ad. Jn ilit‘ V)bulder-worni stn<^e this species livi‘s in i*abbits 
and hares. The commonest form in eats is T. vnissiatUis, which has a larp* head 
and a short thick n(*ck, its bladder-worm sta^e being pjissed in mice. Perhnps, 
howev(ir, tin* most important tap(‘-worm of the dog is T. nvnnrus, interesting on 
account of tlie remarkable features it prt'scails in its condition as a bla<Mer-woi*m, 
and the serious <lisease, known as the stagg(‘rs, which its p^vsence in tin? brain 
brings upon shet*}). Another p(\st of much the sarnie 
nature is th(^ bladd(*r-worm known as ErhhumHvnK. 

The iiuitun' worm living in the dog is a small bi[)e,- 
worm, scarcely more than a sixth of an inch in hmgth, 
and differs from the spi‘eies hitherb, discussed, in that it 
consists men‘ly of a head neck, and thr(‘(‘ distinct 
segments, of which tla‘ thir<l or last I'ecomcss rij)i‘ and 
thtai (Mjuals tli(‘ ri‘st of tlie worm in length. T1 k‘ hctul, 
likt‘ that of is furnished A\ith suckers and 

hooks, ami the embryo winch liatch(‘S f]*om tlH‘ egg is 

armed, like the i-i‘st with six hooks. The blad<l(‘r-worm stage (k:cui-s in lx)th m<*n 
and ]>igs, and (‘acli bladder becomes th(‘. brooding-] >lac(^ of a large nund)er of oth(*rs. 
Upon the surfaci* of the bla<lder sevei-al ingrowths ar(‘ deV(‘lo])(Ml, and each of 
these gives rise to a single iiead. As many as twidve, lifteen, or twiaity may 1 k‘ 
formed, ^fln^ bladdm*, how(‘ViT, sometim(‘S b(‘conK‘S ^nor(^ 
coini)licated by th(‘ formation, either outwardly or inwardly, 
of Si‘condary head-|)rotlucing vi\sich‘S, so that th(‘ oi’iginal 
cyst is envelo])e<l by otlan's which have aristai as its 
buds. To comj)lete the r(‘gist(‘r of tlu‘ ta])e-worms, wliosc^ 
life-histories are bound up with our own exisUaice, the. 
genus H<t(/fri(MTf)Jnth(s must be mmitiom'd. The common- 
est species {H, l((fas) is the largest of human tape-worms^ 
and may attain a length of iu‘.arly 10 yards, and Ixi 
furnished with from thrr<* to f( ur thousami s(‘ginents. It 
may be at once distinguished from the sjxicies of Tti inn. 
by the sliajx; of its head, which is hmg, tlattened, and 
furnisluMl with a dee]) el«‘ft or slit on each side. 'Jda‘ 
inb’J’inediate hosts of this woi-m ai*e frc‘sh - watei* tish. 
belonging to the same class as tlu* preciMling is tla; straj)- 
wo]‘m (Llijtilft si nij)I lr!.ssl iHif), whi(‘h reaches maturity in the intestine of various 
water-fowl, but is found in the bladder-worm stage in tla* Ixxly-cavity of whiting, 
which swallow the eggs expelled from bir<ls. A peculiai iiy of this worm is, that 
the segmentation of the body into proglottides does not take place. 
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Trem.vtodi: Worms, — O r<lcr Trematoda. 


Some of the less highly organised imaidiers of tln‘ pr(‘C(‘ding gi’oup, namely^ 
those wliicli are not segmented, are nearly related to the i)resent section of 



464 


WORMS. 


parasitic wonns. In this class the body is unsegmcnted, usually leaf-like in form, 
smooth-skinned, and provided with suctorial discs in the middle or at its hinder 
end. There is a distinct digestive canal, usually forked, but provided with only 
one ap(irturc, namely, the mouth. The excretory organs open by one or two pores 
at the hinder end of tlie body, and, as in the tape-wonns, the male and female 
generative organs coexist in one individual. Although all are parasitic, the higher 
memb(irs are external parasites, and develop without migration ; whereas the lower 
ones make a complicated migration, with intermediate stages of development, 
spending their youth in one host, and their maturity in a second. 


Many-Suckered Group, — Suborder PolystomeeB. 


The characteristic feature of this group is the presence in the fore-paH of the 
body of two small sucking-discs, and also of a large one and several small ones at 
the hindt‘r end, as well as sometimes hooks for clinging. I’heso worms ar(i chiefly 
exttM’nal parasites, laying fairly larger eggs, and the young develop without an 
intermediate generation. One of the best known genera is Eplhdelkt, in which 

suckers are placed close to the time mouth, 
giving the appearance of three apeiiures 
of this nature. Fig. 1 of the illustT-ation 
represents a specimen of one species; in 
the right-hand figur(i th(^ head being curled 
upwards and backwards. The posterior 
sucker is largt.^ and furnished with three 
hooks; the two anterior sucktirs are 
smaller, and behind tli(‘,m is the mouth. 
This worm is of a v hitish colour, and 
liv(‘s ])arasitically upon plaice and halibut. 
Nearly relattid is I'rttrhojHfS!, a parasite 
of the gurnard, repri‘sented in Fig. 2 of 
the illustration, the lino to the left hand 
of the illustration showing the natural size 
of the animal. On the head, in addition 
to the two suckei-s and mouth, art; four 
black spots, lying just in front of the last- 
mentioned aperture, which are the eyes. 
The posterior sucker is of enormous size, 
and rosette or wdieel-shaped ; it is sup- 
portt‘<l by nine spokes, and surrounded ])y 
a fringed border. Fig. 3 of the same 
illustration represents a species of the 
allied genus Cyvhiiella, much magnitied. This trematode is one of the most 
striking nuunbei’s of tin; group. 1'he Ixxly is oval, flat, and jnire white in colour. 
At its hinder end it is markt'd out by a deep notch on each side into three 
pimcesses, of which the two external ones are wide and lobate, while the middle 
one fonns a slender tail -like appendage, supporting the large circular sucker. This 
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oi^gan is supported by a set of radiating spines, eight in numl)er, and has a soft 
membranaceous rim. The head is surrounded by a circlet of small feelers. This 
worm — one of the smallest of its group — lives as an external parasite ujx)n annelids, 
especially upon tube-making forms, such as Glymenc, 

The wonns which constitute a second section of the present suborder differ 
from the foregoing in possessing several sucking-discs at the hinder end of the 
body. Among them is a curious creature well deserving its name of Lipluzoum 



L1FE>UIST()BY OF OOUBLIS-WOKM (roilguitied). 

paradoxum, since it consists of two complete, mature similar halves, each possessing 
every attribute of a perfect animal (a). Each of the f)ointe<l front ends has a mouth 
aperture, and close to it a couple of small sucking-discs; while each individual 
has a separate intestine consisting of a median tul)e and innumerable side-branches. 
At the hinder end of the l>ody are two suckers sunk in a depression, and protected 
by four hard buckle-shaped organs. The double-worm lives on the gills of several 
species of fresh-water fish, the gudgeon and minnow for instance. The eggs are 
elongate and provided at one end with a fine thread-like appendage (h). In this 
egg the young (c ) — which at the time of hatching is only about one hundredth of 
an inch — takes about a fortnight to develop. It is covered with cilia, has two 
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eyes, and only a couple of suckers at the hinder end of the body. After quitting the 
egg the larvsB are very lively and restless in their movements, either gliding slowly 
hitlier and thither, or swimming with rapidity. If unable to find the fish in whose 
gills they are <le.stined to live, they grow feeble and perish ; but if successful in 
making a settlement in their necessary surroundings, they grow into the Diporpa 
(d), which is flattened and lancet-like in shape, and bears a small sucking-disc on 
the under surface, and a conical excresence on the back. After living some weeks 
or months in this state, and gaining nourishment by sucking blood from the fish’s 

gills, the worms begin to join together 
in pairs, one specimen seizing the 
conical excrescence of another by its 
ventral sucker, then, by means of a 
truly acrobatic feat, the second twists 
round until it is able similarly to 
attach itself to the dorsal excrescence 
of the first, and in this state an in- 
separable fusion takes place between 
the suckers and excrescences involved 
in the adhesion. Another remark- 
able trematode is Avthocotyle omr- 
Incciy parasitic on the gills of the 
whiting, whicli is represented in B 
of the illustration. The other worm 
represented in the same illustra- 
tion (A) is DactylocotyU 2^oUarkl, a 
parasite on the gills of the pollack. 
Here the slender front end of the 
boily is much longer than in the last, 
the trunk gradually expands, and is 
wdde and squarely cut at its posterior 
extremity, upon which are four pairs 
of long, stout, stalked suckers. The 
foremost pair of these seem to corre- 
spond to the very large suckers of 
Af I)actylocoti/lc] /?, (magnified). Aoithorotyle. Wc now COlllC to two 

species of the present group of 
trematoilos which, by their manner of life, lead to the second division of the 
internal panusitic forms. The first of these {At<pidogastrr\ found in the intenor 
of the fresh -water mussels, is little known ; but our acquaintance with the 
development of the second {PoljfftttnuHm) is tolerably complete. This animal, 
with a roundish body, is less than half an inch in length, and is easily recognis- 
able b}’ the presenct‘ at the hinder end of the lx)ily of a large wheel-like expansion 
bearing three pairs of suckei^s, between the last and longest pair of which are a 
couple of strong hooks. In the adult stage this worm lives parasitically in the 
bladder of fiogs. It lays its eggs in the spring, and by thrusting itself partially 
out of the f log’s l)ody deposits them in the water. The eggs take from six to 
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eight weeks to hatch ; an<i the J’oung worm is an active little auiiual, swimming 
by means of the cilia with wliich its body is bordered. It differs from tlic adult by 
the presence of the fringe of cilia which extends along the sides of the body from 
heail to tail, and also by tlie absence of suckei*s 
at the posterior extremity of tlie body. The 
latter, however, is furnished with eight pairs of 
hooks, whicli are retained in the adult. After 
leading a free life for a short time, the larva 
attiiches itself to the external gills of a tadpole, 
and speedily loses its clothing (^f cilia. When 
the gills slirivel with the conversion of the 
tadpole into a frog, the larva enUTs tlu^ mouth 
of its host, and, passing th(^ncA.‘ into its intestine, 
succeeds in ultimat(dy making its way into 
the l)laddi‘r, wlujre it liv(‘S some five or six 
years before reaching maturity. 

Two-Suckehei) CluoT'P, — Sul)ordcr Distomese. 

The secoml division of trematodes is dis- 
tinguished by th(i smaller number of suckei’s, 
the absence of hfK)ks, and the circumstance 
that all th(‘ meinlMTs of tlici group are intenial 
l>arasites, laying an immense number of small 
eggs; while in th(‘ course of their development 
th(‘ young are inhabitants of more than one 
host. It is (evident that parasites living upon 

the skill or gills of lish, where tlujy ai-e constantly in danger of lieing washed 
away, have much greater need of sucking-discs and clinging-hooks than those 
living within shelter of some internal organ. On thii other hand, it is ejpially 

clear that the large number of eggs laid by the 
internal forms, wliich jiass through a complicated 
metamorphosis, is a means for providing against the 
remoteness of tie; chances of the larvju meeting with 
their approjiriate hosts. Some of th(\sc worms are c>f 
importance, on account of the destruction they bring 
upon the hosts they infest. One of the best known 
is the liver-fluke {Jhyfontnrti /iff xti train) y found in 
the mature stag(i in the livi-rs of she(^p. It is alxiut 
an inch in length, an<l nearly half an inch broad. 
The hinder portion of its bo<ly is Hattened and leaf- 
like, but the fi*ont is thick and conical, and the outer 
skin is furnislKsd with many backwardly-<lirected 
spines. The eggs — of which it has been computed half a million may be laid at a 
time — pass into the intestine of the sheep by way of the bile-ducts, and themce make 
their way to the exterior. Many of these eggs fall upon dry ground, where they 
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perish. Some however, in all probability, make their way into water. When this 
has taken place, the egg, after two or three weeks, gives birth to a free-swimming, 
ciliated, conical embryo, pravided with a double eye and i-udiments of an excretory 

system. By means of its cilia, this embryo swims 
rapidly about in search of a particular species of 
pond-snail. If it fails in its search, it perishes in 
about eight or ten hours ; but, if successful, it proceeds 
to bore its way into the soft tissues of the mollusc. 
As soon as it has effected an entrance, it loses its cilia 
and turns into an oval sac, the (qyorocy^t The latter 
may multiply by fission, but in any case, in its 
interior, another organism, called after Redi, its 
discoverer, RedUt, arises. This bores its way out of 
the sporocyst, which closing up again forms another ; 
but if too many are developed they may cause the 
death of the snail The Redia is cylindrical in shape, 
and has a distinct mouth and stomach, and in the 
hinder half of its body there is a pair of bud -like 
processes, serving as rudimentary feet. The larva 
in this stage takes up its abode in the liver of the 
snail, where, in turn, it proceeds to propagate. Its offspring may be a Redia like 
itself but more often it has a dificrent form, and has received the name Cercaria. 



LARVAL FORM OF Ln'ER FLCKE (magnified). 


It escapes from the parent Redia by an aperture situated near the front end of 
its body ; and presents a considerable resemblance to a tadpole, consisting of a long 
vibratile tail, and a wide heart-shaped body with a forked intestine, two suckers, 
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and a gland on each side of tlie intestine. These larvfe make tl>eir way out of the 
snail, but instead of seeking a- new lioat swim alx)ut for a time and ultimately 
settle upon some water-plant, or a blade of grass in a meadow. Here they 
enclose themselves in a capsule, and await the chance of being devoured along 
with the grass by a shee[). From the stomach of the sheep they make their 
way into the bile-ducts, and tliere develop into the mature stage. 

Ti:kbellakiax Worms — Order Tuurellaria. 

Nearly all the worms of this group lead a free life, p'lrasitisjn amongst- them 
being the exception. Th(*y ai‘e found either on the laiid or in fresh or salt 
water, and have rt^ceived the name Turbellaria, or whirl-worms, from the 
whirling eddies of watei* caused by the lashing of the cilia with which their 
unsegmented and tlattene<l bodies are covered. In shape thej^ vary eonsidembly, 
being either shoi’t and oval, or long and wonn-like. The alimentary canal is 
almost always well developed, liaving a distinct mouth, but never a posterior 
outlet. Then^ are no sjK'cial i*esj)ii-atory or circulatory organs, the function of 
breathing being ])ori‘ormed by the entire surface of thi^ skin. The nervous system 
consists of a huge double-lobed brain-ganglion, from which, in addition to some 
branches passing forwards and outwards to sii])ply the head and eyes, two stout 
cords, on(.‘ on each side of the lx)dy, run backwards to supply the tail. 

Suborder Rhabdocoela. 

This group is characterised by the straight and unbranched intestine. 
A fairly well-known member of the sul)onl(‘r is Mcf^ostomum ehrevh<*r<j% 
a species about half an incli long, found during spring and summer in ponds and 
strtMims. Th(i generic name refers to tlu^ fact that the moutli, with its muscular 
gullet, is situated in the middle of the lower surface of tlie l)ody. Although as 
transpanait as glass and (‘xtremeJy fragile, it is a swift swimmer, moving (juietly 
through the wab^r eith(‘r by 
means of its cilia, or by waving 
the edges of tlie exceedingly 
flexihlii body. It feeds u])on _ 
fresh- water worms, insects, and 
crustaceans, its way of over- 
coming its prey being soiiHiwliat 
curious. The worm convijrts its 
])ody into a cup-shaped liollow, at tlie liottom of which the mouth is situated, by 
bringing the two ends close tog(}ther, and turning o\X‘r tlie thjxibhj edges in thfj 
same direction. In this manner it envedops its prey, and so deprives it of all 
chance of escape. It is stated that this and other species ensnare their jirey 
by means of slimy threads. Eggs of two kinds are laid ; those foun<l in summer 
being soft-shelled, while thost* of winter are protected by a hard and thick 
coat so as to be able to withstand the unfavourable conditions of this season. 
An allied species (J/. tetragonurii) is .shown in the accompanying illustration. 
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Upon the narrow and pointed head are the two little black eye-spota. In the 
genus Profttoiiium the mouth (/>) is situate<l in the middle of the ventral surface, 

as in the last, but the slender 
and pointed head -end is 
provided with a distinct 
proboscis (a), which calls 
to mind that of the 
nemertincs, inasmuch as it 
is not directly connected 
with the mouth, and is 
contained in a special sheath. 
The posterior end of the 
body, on tlie contrary, is 
thick, club - sliaped, and 
armed with a sharp goad, 
which seems to be used as 
an organ of dcdcmce. The 
same illustration shows a 
species of the allied genus Vortex^ in which the aperture of the mouth is on the 
under sidii, near the front end of the body. This mouth Ic^ails into a large oval 
gullet, communicating with the long sac-like intestine. The black spot in front 
of th(i mouth is the eye. In Sckizofitoiita, on the contrary, the; mouth which is 
h)ng and slit-like, is situated in front of the two eyes. Soiiu^ of the allied genera 
lead a parasitic and not a free life. For instance, AnopliHlinm is found upon 
scia-cucumbers, and Graffilla upon marine gastropods. 




j iiioutli. 2, (hnvohita. 
(Naturul size reiireseiited hy liues.) 


3, Vortex. 



ASehiwsliuna jnmltfctim (eularged 200 times). 


Differing in many important points from the typical Rhabdoccela is the 
small marine ViWVoUiUt, shown in Fig. 2 of the illustration, in which the 
alimentary canal, the excretory organs, and the nervous system have dis- 
appeared. Imbedded in the solid tissues of some of the species of Concohda 
are large numbei’s of cells containing chlorophyll, or th(» green colouring 
matter of plants. ^Fhest' cidls are probably minute plants {AJijoi), which have 
taken up their alx)de parasitically in the worm. In addition to the ordinary 
means of reproduction by sexual organs, some of the rhabdoccelans multiply by 
division. 
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The accompanying illustration shows one of tliese worms {Stenostomuvi 
monoeelis) in pixxjess of giN'ing rise to a second individual. In the upper half of 


the figure (^) is the mouth, and {s) the auditory 
organ of the parent ; the coiled tube (7’) being 
part of its excretory aj>paratus, and (c) some 
<‘ggs. In the lower lialf (V>) is the mouth, and 
(.'<) the auditory organ of the newly-forming 
individual. 'Jlie division may b(*gin successively 
at several places on the body before the last and 
oldest bud is attached, so that it results in the 
fonnation of a chain of segments lying one 
l)ehind the other. 

Suborder Dendrocoela. 

The memlM'i-s of this division differ from 
the pi’ecoding in liaving tb(‘ intestinal canal 
tree-lik(*, or divided into a number of branches. 
The moutli, wliicli is situaU‘d oi» the inntT 
surface, h'ads into a muscular and flexible 
pharynx, capable of proti-usion like a proboscis. 
The body is l)road and flai.U'iied, usually broader 
ill front than behind, and generally bears a ])air 
of eyes upon wliat may lie tenined the lH‘a<l. 
In the genus PulycdiH — the sjiecies of whicli 
occur in meadows and stagnant water — there 
are a large number of (‘yes, tin* broad frcjnt (aid of 
the body be*iiig bordered with fnjm thirty to 
fifty of thes(! oigans. On tin? oth(‘r liand, 
(iritjdinia itca, which lives in samly and 

clayey soil, in comjainy with earth-worms, ujkju 
wliicli it feeds, is eiitii’ely devoid of oi'gans of 
sight. Many m(‘mbers of the group an* in- 
liabitiints of tin* laml and fresh water, and are 
coll(‘Ctively termed rianai'ians. Tliese are oftt ii 
objects of consi<Ierable, beauty, being botli 
gi-aceful in nioveni(*nt and d<*cked with various 
colours. The two-striped UnHlrstn trs hU 
for instance — whicli has been found in hotliouses 
in Europe, whei-i.* it has Im^oii doubtless intro- 
duced from the tropics with ex(jtic plants — is a 
dull yellowish colour above, but is ornamented 
with two reddish brown bands, extending on 
each sid(j of the back, and m(*eting near the 
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front and hinder end of the body. Another planarian not infrccjueritly introduced 


into the conservatories of Eui’ope belongs to the genus this s])ecies 




liaving the grey colour of its skin relieved by three dark longitudinal bands running 
along the back from the head to the tail. It is exceedingly flexible and contractile, 
looking sometimes short and stout, and at other times long 
and narrow. The head is susceptible of many changes of 
form, assuming the shape of a hammer-head or the blade 
of a cheese -cutter, and the next moment being tongue- 
shaped. The skin is richly supplied wdth glands, secreting 
a sticky slime, by means of which the Bi/xtlinm is able to 
ascend perpendicular surfaces, and to lower itself from a 
high point by letting out a thread of the material. It is said 
to feed upon earth-worms, and to propagates ])y division ; the 
tail-end breaking off and growing into a second individual 
by acquiring a head, proboscis, and int(‘stine. Land 
planarians are abundant in the damp tropical forests of 
Cordon, South America, and Australia ; and a rich population 
RMooTH poLYCKLis. ^f allied forms freejuents the sea. One of tlie most striking 
The animal; c. The eyes, of tliese marine fomis is the tufted planarian ( Tlnjsanozoum), 
represented in the illustration on p. 47^1. Here the back is 
covered with many rows of dark-coloured tufts; the lower surface being pure 
white, and the head end furnished with a pair of ear-shaped lappets, in which the 
sense of touch appeara to be concentrated. The creature is shown clinging to a 
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(fiilargcd twice). rLAN.\RiAN worm, Phinaria gmoccphuht (enlarged). 

branch of seaweed, with the liead elevated so as to exhibit its lower surface, and 
feeling for a new surface of support. Plamiria gonocephahiy figured above, is one 
of the land forms. The general structure of the intestine in all the animals of this 
group is shown in the illustration at the top of the page. 
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Group of Uxcertaix Position. 

To complete our account of the wonns, mention must be made of tlic parasitic 
families Orthonectidai and I)icyemida\ of which the serial position is uncertain. 



and neinertine worms and In'ittle-stars. 


They are minute, se^incntc’d creatures, scarc(4y exceejlin*^ the tw(‘ntietli of an inch 
in lenjjth, and without digestive organs oi’ nervous sysUaii, Imt witli the skin 
ciliated. The males are smaller than the fmiiales, Ijeing in tlie figured lihopnlura 
only about half the size of the latter. Th» Dirya/in/idiH are ciliated, thread-like 
parasites, varying in length from about a thirteenth to a fifth of an inch in length, 
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and living in the kidneys of cuttle-fish. The body consists of a central portion, 
composed of a single long, fusiform cell, around which is arranged a series of winter 
cells, partly projecting like papillm from the surface. At tlie front (nid tlie cells of 
the external layer fonn a symmetrical head, by which the parasite attaches itself; 
but there arc no distinct nervous, digestive, or muscular organs. 
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Jelly-Fish, Corals, and Sea-Anemones, — 

Subkingdom 0(ELBNTBRATA. 

Few have been able to revel in the exquisite beauty of the southern coral islands, 
which through thousands of years have been slowly piled up to the surface of 
the water by the coral -animals. The vivid colouring of the fauna in the 
lagoons of those marvellous islands is not to he found in European seas, but even 
in these less favoured climes, any observant traveller, as his ship passes through 
calm water, may notice lovely creatures nearly related to the corals. Who, for 
instance, has not seen exquisitely coloured transparent jelly-fish, floating just below 
the surface, and propelling themselves by altcmiately expanding and contracting 
their bells ? Or who that has kept a marine aquarium has not admii’ed, as its 
greatest ornament, the st^a-anemones ? These animals, the corals, the jelly-fish, and 
the sea-anemones, constitute the great group known as Ctelenterata. The group 
comprises all those creatures in which the inttirnal cavity, corresponding with the 
alimentiiry canal of other animals, is not a close<l canal running through the body, 
but is commensurate with tin? whole cavity of the body. Consequently there are 
no spaces answering to the body-cavity of the Vertebrates, between the wall of the 
alimentary canal and the outer wall of the body. 

A study of the earliest growth of the Cadenterates has shown that their 
internal cavities ai*e nothing more than ri*gular radiate outgrowths of the intestine, 
and, like the latter, conai fi’om the pi'imitive intestine of the larva. The result of 
this development is a coinlition which does not occur elsewhere in the whole animal 
kingdom. We have no separate digestive canal, no chm^d blood vascular system, 
and no specialisiMl respiratory apparatus. There is only a system of cavities, all 
in open communication with one another, occupying almost every comer of the 
body. 

Again, the Cadenterattis are radiate in stnicture, that is, when seen from above, 
they are typically star-shaped : and if a Ccelenterate be cut across, every horizontal 
section shows a symmetrical arrangement of the parts around a centre. There are 
other radiate animals, such as the Echinoderms, but while in these five is the 
fundamental number of rays, in the Cceliuiterates the rays are often far more 
numerous, being some multiple of four or six. Again, while the skin of the fomier 
is almost always modified into a skeleton, or is thick like leather, leathery skins are 
the exception in the latter. When the C<identerates do fonn calcareous skeletal 
structures, these are <|uite different from the tests of the sea-uix;hins ; and, in all 
cases, the anterior end of the Ixnly, crowned wdth one or more circles of tentacles, 
remains soft and flower-liki*. The most highly developed of the free forms, how- 
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ever, such as the sea-anemones and the jollj--fish, have no hard skeleton at all, but 
are amongst the most delicate and beautiful objects in the realm of living nature. 

In spite of the variety of forms to be found, the Coelenterata are almost as 
incapable of higher developim^nt as the Echinoderms. Like the latter, they have 
failed to make any way in fresh water, not to speak of the land. A few free- 
swimming jelly-fish, a minute attached polyp, and some degenerate sponges are, 
indeed, found in fresh water, but these can hardly be looked ujx:)n as successes 
While, at present, it is not easy to connect the Cadenterata with any other group, 
inasmuch as they appear to stand without any near relati^ es among the higher 
animals, they have a special interest, since they ait^ considered to represent a stage 
in the development of animal life through whicli all the higher forms have passed. 
Some simple form of Oeh ntiTate may have given rise U) all the higher animal 
forms, the modern Ccelenterates — the sea-anemones, r >rals, etc — being those 
descendants of the ])rimitivo simple lorm which have retained the original type of 
organisation almost unchanged, 

Thk (^texochokes, — G roup Ctenophoua. 

Althougli all an* agr(*(*d that tlie so-calh*d Ctenophores are memb(‘rs of tills 
subkingdom, tludr exact j)Osition is not clear. Thi* C'tenophores are glassy, 
transparent cn^atures, eitlier shape<l like apples, melons, or IMirygian caps, or else 
forming bands, often a yanl in length, and thickened at the middle. Several 
types are shown in the coloured Tlate. The marvellous transparency of all 
but one {Beror) is sp(‘cially remarkabl(\ Tiny inhabit the o])Oii st‘a, or are di’iveu 
by currents and winds near the, coast and into harhoui-s. 1du‘ir position in 
the water is usually mon^ or less vertical, the mouth being turn(*d downwanls. 
The organs fi’om wliich this group tak(‘s its name, are the i*i])s, which eith(‘r inin 
from pole to pole, or else only for ceitain distances along th(* mei'idians, which are 
often symmt‘trically arranged. Hiese ribs consist of I’ows of short transvei'se 
combs, each h<*ing formed of a row of cilia. The cilia- forming a comb are connected 
togeth(*r at theii* bases, hut an^ also eapahli* of iiid<*pc‘ndent movement. As they 
wave to and fro, they constitute what is called a swimming or rowing plate. The 
activity of tlu‘se rows of j)lat(!S de])ends u])oj{ the will of the animal, which can 
move either the plates of a single rib, or all tie* ribs together; tli is latter movement 
resulting in slow locomotion in the direction of the apical pohi, i.v. tin* pede* turned 
away from the mouth. The l)ody is capahh* i»f various swift, light, and graceful 
movements, for in a<lditioii to the rowing jdates there are other sti*uctui*es, such as 
the oral umhi-ella and tin* capturing filaments or tentacles, with their hair-like 
branches. These tentacles, which are attache<l like arms at the sides, are capable 
of erection, or of witlidi*awal into ])Ockets. There is gi*eat variety in the develop- 
ment of these access(Ji*y organs of locomotion. For instance, the (.!yilijrpi<lw 
have only arms, which, witli tlieir ]>ranches, serve foi- capturing foo<l as well as 
for steering. In other ordei-s, vertical, oar-like, dermal folds stand out from the 
body, by means of whicli the iiioveineiits Ix^coiiie more rapid and energetic. Some 
species of Eitcharis^ by suddenly shutting up the oral umbrella, can jerk themselves 
forward; and when successive jerks of this sort cause tlie ]x)dy to move with 
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greater speed than usual, the arms are withdrawn into their pockets or stretched 
backward like a rudder. This power of free locomotion necessitates some 
regulating organ, so that the desired direction or position of the body may be 
maintained. Such an organ exists at the apical pole of the body, and may be 
described as consisting of a small weight borne on springs, by which the oscillations 
of the body or deviations from the line of movement can be instantly felt 

The ventrally placed mouth is like a large slit between the folds of the 
umbrella, and leads into a stomach which is either tubular or flattened. The food is 
digested in this stomach, the indigestible parts, mixed with mucus, being again 

ejected through the mouth. The upper 
end of the stoinach is in direct com- 
munication with a funnel-shaped space 
of variable width. From this funnel- 
like cavity canals arise, which branch 
and run below the outer surface, follow- 
ing the lines of the ribs. Tliis funnel 
further possesses an aperture of its own, 
opening on the exterior, in the region 
of the apical pole. Within the funnel is 
found a fluid substance containing par- 
ticles of the food -pulp drawn in from 
the stomach, but consisting chiefly of 
water, taken in voluntarily: this fluid 
being kept in motion by ciliaiy action 
through tlie canal -system. Although 
water is also sometimes taken in through 
the proper apiciil aperture of the funnel, 
cYDii’PE (uat. size). this aperture seems principally to serve 

for the ejection of the fluid when of no 
further use. It is then also mixed with ■waste matters from the lx)dy. Stinging- 
cells, such as occur in the next group, have as yet been found in only one species 
of Ctiuiophore {HaecJcelid ruhra), and then only in small numbers. Instead of 
stinging-cells, the Ctenophores have adhesive cells, or small hemispherical knobs 
found on the tentacles or capturing filaments; these being provided with elastic, 
spirally-coiled stalks, but containing no poison. These knobs are beset with sticky 
globules, to which small animals, such as minute crustaceans easily become attached. 
If the prey attempt to escape, the spiral thread by which the knobs art' attached 
becomes stretched. Whtm the thread is withdrawn, it more or less entangles the 
victim, and, being like the knob, provided with a great number of sticky pai’ticles, 
renders escape impossible. These structures are very different from stinging-cells, 
wliich are useless to an animal after having been once employed. An adhesive ' 
cell or knob can act apparently any number of times, being each time drawn back 
by the spiral thread to its former jK)sition. 

Ctenophores feed upon all kinds of small pelagic animals, especially 
Crustaceans, while they themselves fall a prey to the disc-shaped jelly-fish and 
sea-anemonea Ctenophores may continue to grow, if uninjured, almost indefinitely, 
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or as long as life lasts. Storms, however, destroy them. The largest specimens 
are, as a rule, found in waters sheltered from the wind. They ai*e to Ik* seen 
tliroughout the whole year, but are most plentiful during the spring months, and 
become rarer towards summer, w^hen some species, such as tlu^ Venus’ girdle, almost 
completely disappear. In the early autumn, however, great swanns appear, 
especially of Cestus and Bcroe, After a spring of active fertility, the larvm, at the 
beginning of the hot months, sink down to greater depths, wlujre they grow into 
adults, and come to the surface again in swarms in autumn. 

Insignificant as these deliciite creatures may appear, tliey delight the eye, 
both while living and after death, by their luminosity. This is principally 
displayed in the walls of the canals Mow the ribs. It is ii. curious fact, and one 
unique as regards luminous jnai ine animals, that Ctonophova, after being exposed 
for only a short time to tlu‘ light of the sun or the moon, to artificial light, when 
suddenly brought into a «lark i-^K3m, are incapable of giving light. Allman is of 
opinion that the Brvouliv and their broods must be regarded as the principal 
source of marine phosphoresence on the English coast. 

The Ctenophora arc hcu'inaphrodite ; sexually mature animals of many species 
being found throughout the whole year, while others occur only in spring, summer, 
or winter. The young pass through a metjvmorphosis, or have larval stages which 
precede the definitt*. form. In at least one species (Eiwharis m'ldticornw) sexually 
mature larvm, or larvae which are capable of reproduction as such, also occur ; these, 
when completely developed, become once more capable of reproduction as adults ; — 
a method of multiplication which has been called dissogony. 

The most interesting, if not the most beautiful, of the Ctenophora are the 
BeroidiV, — shown in the coloured Plate, — which resemble Phrygian caps in shape. 
In section, they are oval ; the mouth is wide, and they have no capturing filaments 
or tentacles, and therefore no adhesive cells. They attain a size of 8 inches, and arc 
of a delicate red colour, which appears marbled. This appearance is duo to the 
branching of the eight principal canals above descrilxjd, the ramifications forming 
a network. Beroe forslmlia, shown in the Plate, is found in the Mediterranean. The 
BeroUliG are carnivorous, feeding on their own relations of other genera. On one 
occasion, a large Eitcluvris was placed in a basin with a Berot firrahulia, not half 
its size, in a fasting condition. The latter, attracted by its wonted food, began 
swimming round the Eucharis in large circles, with wide open inoutlL On 
approaching its victim, it darted at it, and seized it. The swimming-platis of the 
EiLckaris beat helplessly, when, to the astonishment of the observers, this large 
creature was completely mastered by the BeroU, which in less than a quarter of an 
hour succeeded in swallowing its victim, and, distended like a balloon, lay at the 
bottom digesting it. 

The Cydippuloi are conical, or barrel-shaped, with the ribs uniformly developed, 
and two opposite tentacles, one on each side. The beautiful creature figured in the 
Plate is Hormiphora plurtiosa from the Mediterranean. The remarkable Venus* 
girdle {Cestus veneris), shown in the annexed illustration, is so called because the 
body is lengthened out sideways like a ribl)on, so that the mouth is found on the 
under edge of the ribbon half-way along it. This girdle-shaped, transparent 
creature, iridescent in the sunshine, is a dazzling sight. The ribbon is edged with 
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cilia, corresponding with the ciliated combs of the body proper. An additional 
charm is added to this beautiful form by its lively graceful movements, the ribbon 
assuming all possible curves. If roughly touched, it rolls up spirally, beginning 
at one end. When undisturbed, its ribbon -like outgrowths are sometimes 
stretched out, sometimes more or less rolled up, or else the one is rolled up and the 
other extended. It can, like other Ctenophora, keep itself in motion by the mere 
play of its cilia, but it also uses the undulating movements of its ribbon-liko 
body. The transformation of the larva after leaving the egg is complicated. The 
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young larva is shaped like a balloon, and possesses two principal tentacles provided 
with lateral filaments ; it lias further, on each rib, four to five swimming-platea 
At this stage this larva resembles the adults of some other species of Ctenophora, 
and only by degrees, after passing through many other stages, assumes the form 
of the girdle. 


Stinging Series, — Group Cnidarta. 

The Cnidaria, or stinging CuOenterates, wliich comprise the sea-anemones, 
corals, jelly-fish, and the little hydra of English ponds, receive their name from the 
so-called stinging-capsules, found in their skin, which may be regarded as the 
hoinologiK's of the adhesive cells of the Ctenophores. Before describing these 
offensive and defensive weapons, it is necessary to obtain some idea of the animals 
which use them, these Cnidariaiis having dejiartetl less from the simple Ctelenterate 
type than have the Ctenophora, in wdiich this type is much disguised. Imagine, 



CNIDARIAXS, 


479 


then, a long footless stocking, sewn up at each end. By thrusting one-lialf of this 
stocking into the other half, there would l)e obtained a long bag with a double 
wall. Suppose this bag fixed liy its blind end to tlui gix)und, while the open 
mouth-end stood up in the air, to catch anything that fell into it, and then suppose 
that, close round the mouth, the double wall grew out into arms or tentacles, which 
could catch anything passing and draw it into the mouth, then we should ha^ c a 
structure sonu'what resembling the fundamental form of the Ccelenterata. But it 
must further be supposed that tlu* two woollen walls of the stocking are replaced 
by two layers of living cells, so that the outer one forms the skin, whicli is armed 
with the stinging-cells, while the cells of the inner layer are hungry creatures 
waiting to digest anything <ligeatiblc which comes down int<' the )>ag. This is still 
not enough, as the whole animal must be able to move its tentacles, and to stretch 
or contract its body ; so that l)cdween the layers th(M*e is -pecial gelatinous layer 
in which run muscle and nerve fibres. Further, in order that the tentacles, when 
they seize a passing animal, maj^ hav<‘ no trouble with it, but may bi‘ abk^ to bring 
it to the mouth as easily as possible, they are thickly coveivd with batteries of 
stinging-cells. But how, it ma3^ be aske»l, can we get the Ix'autiful bell-shaped 
jelly-fish from such a cn'ature Tlu‘ imaginar}^ animal just <lescribed was fixtHl 
to the bottom of the sea, or to weeds and stones undc^r water, and hei*e it would 
grow. But th(‘r(^ is a law ot life that, art»‘r a certain size has betm reached, further 
gn)wth docs not add to the aniinars stature, but bik(‘s the form of buds, which 
may (*ither be cast off* as eggs to hatch ami <levelop elsewh(*re, or may remain 
attached to and branching out from the parent animal. Both tluise ])rocesses take 
place in the simple Cnidarians. Home Imiiich and rebranch to form Ixjuutiful 
trees, or stocks, mad(‘ up of living animals. Now if all these animals were to di’op 
eggs which fell to the ground to grow up arouml the parent stock, so fast would 
they grow that they would soon be killing one another through overcrowding. 
Hence it has come to pass that in many forms only a ccjrtain number of the 
animals forming a stock produce eggs, an<l these are able to break away and swim 
off with their load of eggs, to droj) them far away. In this way, swimming-VxdlH 
have been pro<luced, originally only as carriers for scattering eggs broadcast, just 
as many trees have anvingements for scattc-ring seeds as far as possible from the 
parent stem. From this beginning, all the ract* of jelly-fish appear to have sprung. 
The freoswimming lib? offered new fields for catching f<K>fl. Myriads of small 
creatures swim near the surface of the water ; the Cnidarian fixed to the bottom 
of the sea ma}’^ stretcli its arms in vain for tli<‘si*. while* the free-swimming bell 
can go amongst them and follow them along the surface currents, feerling as it 
goes. Hence, while the eggs of many jellj^-fish when dropped develoj) first into 
fixed tree-like stocks, which, when grown, let kxjse another swarm of j(‘lly-fish, 
the eggs of others, as if to save time as it wen?, and imjaitient of the fixed tree-like 
stage, hatch out at once as young jelly-fish, which ris*^ at one bournl to all the free- 
swimming privileges of theii- immediate parents. 

The former process is termed alternation of generations; the egg ])i*oducing a 
stock, which is one generation, the stock producing a jelly-fish, which is a s<?cond ; 
ami these two alternating. In the latter case, when a jelly-fish pioducM*s a jelly- 
fish, one generation — the stock — has been .suppressed. This is important, since there 
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is evidence that this alternation of generations was, and indeed still is, widely 
spread in both the animal and the vegetable kingdoms. It is however, as a rule, 

suppressed, as animals rise in the scale of 
^ organisation. TheCtenophora are a highly 

I j developed group in which this alternation 

\ of generations has been suppressed. 



STINGING CAPSULES. 

1 and 2, With retracted filament ; 3, Partly protruded ; 
4 Fully protruded. (Highly moguified.) 


One word as to the changes neces- 
sary to turn the simple Cnidarian above- 
described into a bell or umbrella - like 
jelly-fish. The principal change is in the 
gelatinous layer between the outer skin- 
wall and the inner stomach or digesting 
layer. This middle layer develops into 
an enormous mass of glassy jelly of such 
a shape that, instead of the body being 
long from the mouth (oral pole) to the 
bottom of the sac (aboral pole), the animal 
is umbrella-like, the mouth being under 
the bell, while the top of the -bell corre- 
sponds with the old base by which the 
parent polyp was attached to the ground. 

Before taking the principal forms 
assumed by the Cnidaria, and briefly 
describing their relation to one another, 
the stinging - cells and batteries claim 
attention. These cells, though all micro- 
scopical, vary considerably in size, with- 
out their stinicture being essentially 
affected. The surface protoplasm of the 
cell is modified into a tolerably firm shell, 
enclosing an oval or cylindrical vesicle. 
Closely associated with this structure is 
a pointed process, standing up far above 
the level of the skin, known as the 
cnidocil. Within the vesicle is found, 
either spirally rolled or in an irregular 
tangle, a long filament, or hollow tube, 
which is a prolongation of the vesicle, but 
turned outside in. This tube, which is 
more than twenty times as long as the 
cell, is pointed at the tip, and almost up ' 
to the tip beset with two rows of fine, 
spirally-arranged, barbed hooks. When 
the cnidocil is touched or irritated, this 
filament is violently shot forth, being 
turned inside out like the finger of a glove. 
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So long as the thread remains rolled up within tlie vesicle, the. barbed hooks 
are, of course, in the tube, but when it is shot out, they come on the outside. 
The rolled-up thi-ead appears to l)e filled with some poisonous substance, which, 
when the tube is shot out, is ejected ovx^r the spot where the point strikes 
and wounds. It has been asserted that in many, probably in all, (kelenteratcs, 
muscle and nerve elements occur Inilow, and are associated with, the stinging- 
cells. The action of these stinging-cells is perhaps as follows. The cnidocil is 
touched by some passing object, and conv(‘ys the stimulus which leads to the 
violent contraction of the distimded vesicle. This forces out the tube which is 
lying in it, in the manner described. A simple tfjuch is, however, not "'nough to 
cause the cell to be discharged, otherwise such discharge '»’ould take place when 
the animal knocks against a or when the tentacles, lM‘ing withdi*awn, touch 

the body. We must assume that the Cnidaria arc able to distinguish between th<‘ 
various stimuli rec^ii^ ed from contact with othei* bodies. The stinging-cells arc 
very often grouped together to form so-called stinging-batteru‘s of various sizes. 
Dr. Mdbius writes that as scxm as tiic capturing arm touches tlio passing victim, 
the long filaments an* slioi out of th<i stinging-capsules, penetrate; or adhere 
to tlie animal and (h‘tain it. Unless the prey is strong(;r than its attacker, it 
cannot escape. New filaments are Ixdng continually shot out at it as it is slowly 
drawn in towards the mouth; ev(;n within the body-cavity similar stinging-cells 
arc found in iht* skin. The greater the struggle, the largt;r the number of capsules 
discharged, in onh*!* to hohl the prey. 

Tjjk Jkllv-Fish and theiu Allies, — C lass Polypomedusee. 

Ord(‘r SiiMioNOPHOJiA. 

W(; liav(‘ alr(;a(ly descrilxjd the swimming-bells of the jelly-fish as the liighest 
development of the stinging group. TIu; Siphonophora, as repreRmtod by the 
Portuguese iiuin-of-war, an*, in their turn, the highest d(;vi;lopment of the 
swimming-b(dls. They are, in fact, colonies of bells, joined together in almost 
every possible way, and showing extraordinary modifications of individuals in 
the inten;sts of a division of labour. For iiisbince, some of the b(;llH do nothing 
but row the colony along, others feed tlie colony, others are guards, and yet others 
pi-oduce th(; (iggs. As our first (;xample of th<*. group, we may take tin; creature 
known as Pht/styplioru, which consists of a hjiig tulx.; or c(;ntral axis, Hunnount(*d 
by an in<livi<lual wliich is notliing but an air-vesicle for holding the colony in an 
upright or a sloping position in the wat(;r. Pelow the air-vesicle come two i*ows 
of bi‘lls, which bring alnnit by their contractiims the movement of the whole 
colony. These rowing-lxdls force the water out of their cavities, and thus pi-opi*! 
the colony. Below these?, again, comes a circle; of extremely mobile tentacles, 
which may perhaps l)e the tentacles of vanish eel bells. Among these tentacle?s 
are hollow structures, e)pen at the; end, wliich are the feeding-bells, now reeluced 
to sucking-tubes, or stomachs, (;ach of whicli e‘nde*ave)urs to se?ize and digest for 
itself whatever in the shape of fexx! (chielly small crustae*eaiis) is brejught to it by 
the long capturing filaments aiiel their branche*s, armeMl with stinging organs. 
The colourless blexxi and nutritive fluid prepared by these two stomaclis serve 
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for the nourishment of the whole colony, and are carried to the various parts 
through the axial tube above mentioned. In the illustration, which has been 
chosen on account of its comparative simplicity, no reproductive or egg-lx;aring 
bells are shown. When present in the Phymphora, these appear like clusters of 
grapes; in other genera they arc ciipsules; in othei’s, again, they may be actual 

swimming -bells, which become detached, and lead an 
independent life. This fact is of imj)Oiiiance in helping 
us to understand this complicated organism. It shows 
that the Phynophora is not a single animal, but a stock 
or colony. Of this there is evidence in the rowing-bells, 
as well iis in the two, three, four, or more sucking-tu^K^s, 
with distinct mouths and stomachs. And, lastly, we have 
tlui reproduction brouglit about, in some cases, by detached 
j idly fish-like individuals. All the pai*ts of the organism 
form a whole in Ji jdiysiological seuisti; they belojig to 
one life, and many are so modified as no longin’ to appeal* 
as individuals. l^ut, on the other hand, some of them 
are fairly independent, and, wlien they take, tlui form of 
medusno, they are so highly developed that their individu- 
ality is at once manifi‘st. We must, therefori*, ri'gard 
a Siphonophore as a colony of highly - modified in- 
<lividuals, which — owing to the fact that these individuals 
differ greatly in foim and function — constitute what is 
termed a “ polymorphous colony.’' 

One of the most beautiful and most dangerous of 
the Cielente.rata belongs to the Siplionophora. This is 
tlie so-called Poi*tuguese man-of-war {Physitl ia), several 
sjiecies of which are found in the soiithei-n si‘as. The 
air-bladder at the top of the sti*m is a lai'ge, oval vesicle, 
which projects above, the surfaei^ lying horizontally on 
the water. It is drawn out into two ])oints at opposite 
poles. A comb runs lengthwise and somewhat slantingly 
along the to]) of it. From its lower side, niitritivi* polyps, 
feelers on which the genital products develoj), and vi‘ry 
long tentacles hang down side by side below the surfaci) 
of the water. Another strikingly beautiful s]x‘cies found 
OF 8W1MM1NO HELLS (uat. Size). Mediterranean P, 'j^dnyiva. Lesson writes that 

these ci’eatures “ shimmer with the most splendid colouring. 
The air-bladiler and its comb look like molten silver, adorned with light blue, 
violet, and purple. The small thickenings on the keel of the comb are of a vivid 
carmine, wliile the appendages are of a wonderful, delicate, ultramarine blue.’* 
The English name is happy, as it indicates the latitude in which the traveller 
from Euro])e first meets with it, its shij>-like a])pearanco on the surface of the 
watiM*, wliere it uses its comb as a sail to catch the wiml, and its amjile provision 
of weajxiiiH. The tentacles of the Physalia are stiff* with batteries of stinging- 
capsules, and those who are careless enough to touch them will repent. Meyen 
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relates that during the first voyages round the world made by the sliip Princess 
LonwCy a sailor jumped into the sea to capture a large Physalia. As he seized it, 
the animal envelope<l him in its long filaments, stinging him so terribly that ho 
cried out for help, and was hardly able to swim back to the ship to let himself Ik> 
hoisted up. Severe inflaniination and fever followed, and his life W'as for some 
time despaired of. 

During the f%alhn)grr expedition, deep-sea Siphonophora of a remarkable 
kind were brought to light. The most interesting belonged to a new family, th(^ 
Auroneetkhv. Tls* colony, instead of being a long string of individuals, is here 
thickened and shortened .so as to h(^ oval or i*ound. It consists of a har<l, 
cartilaginous mass, traversed by a close sysbun of branching canals. The uppf^r 
part of this nutss is a largt*, round, hollow air-bladder in the figure). This 
pneuinatophore is surroundcsl by a 
circle, of large, round swiiiimiiig-bulls 
(>?), one of which (0 is modified in 
a remarkabh‘ way. It is not, like 
the re.st, (juite hollow, but is traversed 
by a nai'j'ow canal attaclKsl to its 
walls by strain Is of gelatinous ti.ssue. 

The free einl of the canal opens out- 
ward through a shoi’t tulxs while its 
attached end ent(‘rs the groat 
blad<lerof th(‘ [)neumato])hore. This 
specially modified rowing-l>ell has 
been called the; aui’ojihore, since it 
apjiears to rc'gulate tlu* (juantity of 
air in the air-bladder. In onler to 
sink to a gn‘ater <lepth, the Sfrjilfiflld 
has only to contract its pneumato- 
plum*, discharging the air through 
the lateral canal. \Vh(*n the animal 
ristis, the aurophore jirobably secretes a gas wliich fills the. jmeumatophore again. 
The lower (aid of the cohuiy is occupiinl by a large*, b^eding (jr nutritive polyp, 
and at its sides there are several rows of smaller nutritive polyps (.s), (‘.ach of 
which, at its ba.se, carri(\s a capturing filament (0, and at its side gi-jipe-like 
clusters of njjircMhictive Ixxlies. 

The Siphonophora, as a ruh^, re(|uirc frequent changtis of de])th. It dexjs not 
appear that exclusively deep-sea foniis arc to be found in the Mediterranean, but 
that all Siphonoiihora under certain circum.stuncos and at certain H(ia.sons appcjar 
at the surface. Many pass through their larval development at a grcjat (l(*j)th, 
and the young Physophura larvai found at the surfactJ in the spring descend to 
greater depths at the commencement of summer, and only n^turn, wluui their 
metamorpho.ses are complete?, to develop into sexually mature animals. In the 
Physophorithe we had the diflerent individuals in a long st^rie.s. In ihii A uvoncri idee 
we found them armnged in a compact mass; and, lastly, in the Veleliida\ the 
body is flattened out to a disc, which is traversed by a system of canals. On 
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this disc lies the similarly shaped pneumatophore, which is also traversed by 
concentrically arranged canals opening outwards. The polyps hang on the lower 
side of the cartilaginous disc, a large nutritive polyp occupying the centre, 8urix)unded 
by concentric circles of smaller nutritive polyps. As in the AuronectidcB, these 
polyps carry at their bases genital clusters, but no capturing filaments. The 
tentacles are arranged round the margin of the disc, and are very short. The 
genus Velella, one species of which is frequently found in the Mediterranean, has 
an irregular oval disc, surmounted by a sloping comb, which acts as a sail These 
animals, which are of a deep indigo colour, are often found in swarms. 

Order HYDROMEDUSiK. 

Having considered the complicated colonics of swimming- jx)lyp8 constituting 
a Siphonophore, the individuals of which have each bi^en simplified for the 
performance of a limited number of duties, we turn to tlie solitary swimming- 
bells, each one of which forms an individual competent to perform all the many 
functions required in its struggle for existence. There are hosts of these bcdls, of 
almost all sizes, some being large and beautiful, but dangerous to touch, while 
others arc quite minute creatures, which have to be examined under the microscope. 
In regard to these swimming mcduste, it has been already mentioned that they 
were primitively individuals broken loose for a free-swimming life in the optm 
sea from a stock attached to the ground at the bottom. The eggs of some of these 
forms have now given up passing through the attaclied stage, and hatch out at 
once Jis young medusm. Now, examination has shown that this host must be 
divided into two groups, having remarkable difterenccs, the one being called the 
Hydromedusje, and the other the Scyphomedusw. The two came from two 
different kinds of attached stocks, and consequently, as free-swimming animals, in 
spite of their geneml ixjsemblance to one another as jelly-fish, each has organs 
which the other wants. Taking the HydromedusEB fii^st, as closest to th(‘- Siphono- 
phora, we describe a few in detail, in order to give a clearer idea of the alternation 
of generationa 

Among the Hydromedusa^ there are the following diftcrent life-hisU)ries. 
Beginning with the highest, w'e have — (1) jelly-fish alone, the eggs of which have 
given up forming stocks, but liatch out jelly-fish ; (2) jelly-fish, the eggs of wdiich 
still fonii stocks, some individuals of which swdm away as jelly-fish ; (8) stocks in 
which the sexual individuals do not swum away as jelly-fish. We need not here 
describe any of the medussB in detail, since the much larger jelly-fish of tlic 
Scyphomedusao will claim our attention presently, but tw'o remarkable forms, which 
have taken to creeping on the gi^ound, deserve attention. In Dalmatia, on seaweed, 
a delicate, pale object can often be discerned with a magnifying-glass creeping 
laboriously about on its long arms. If detached from the seaweed, it falls to the 
bottom, as it is unable to swum. In each point of its structure this animal is a 
medusa, i-elated to the genus Elentheriuy or Clnd<mema, but still further removed 
from the ordinary meduswi in one respect, since the CUidon^ma alternately swims 
and creeps. This creeping medusa (ClavateUii }^rolifem) has six aims, the tips of 
which are provided wuth true suckers. On these it w^alks, as on stilts, w’hile from 
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each arm a short stalk rises, the swollen end of which is bt‘sot with stinging- 
capsules. The very extensile inouth-tul)e moves about tentativel}", and easily 
seizes upon the small enistaeeans to 1 h* found upon the seaweed. Just above the 
base of each arm lies a hoi'sesliof'-shaped eye-spot containing a well -developed 
lens, but so far the nerve belonging to a true cya has not l)een discovered. 
Somewhat higher up, between every two arms, a bud is to be found. None of the 



ClavateUa {a, magnified ; nat. size). 


specimens of a certain size examined in May were without their six buds, these 
being at such <lifferent stages of development that their gradual growth could bis 
clearly traced. On this riper buds the rudiments of a second generation of buds 
were to be seen. Multiplication by budding has been observed in other medusas, 
and it is from such budding medusoid colonies that we may perhaps deduce the 
remarkable swimming colonies of the Siphonophora. As a rule, however, all 
medusm multiply sexually by means of fertilised eggs; even the Cla^vatella at 
other seasons lays eggs. 

Creeping medusa) are also found in deep seas, although their presence at great 
depths would hardly be. expected. Haeckel remarks that “ few animals appear 
less suited for deep-sea life than 
the moilusa), with their soft, 
mucilaginous, watery todies, 
and their singular methoils of 
swimming ; nevertheless, a few 
species sink down to great 

depths.” One of the most 

interesting forms adapted for > 

deep-sea life is the Pert is ^ 
antarctim, belonging to the 
family of the Pectinidcc. This 
animal is remarkable for its Pectia (nat. sizeX 

sucker- tentacles, which stand 

in numbers round the margin of the firm cartilaginous disc (these in the illustra- 
tion are represented in a contracted condition). These tentacles boar a great 


Pectia (nat. sizeX 


4^6 


C<ELENTERA TES, 


resemblance to tlie tube-feet of the star-fishes, being very elastic and contraetile, 
and carrying a sucker at the tip. They are used in the living state for attachment, 
and for creeping in the manner of a star-fish. The disc of PectiH is about 1^ 
inches in diaTii(‘t(u*. 

Of tlie forms among which the reproductive individuals swim away as jelly- 
fish, we may take as an example Corymorpha nutaifis. In this creature, betweeti 
the five individuals grouped together in the illustration, five small creatures, each 
provided with a filamentous appendage, are to be seen swimming, which are the 
modusao belonging to this animal. Each egg of these minute medusae, which are 
no larger than in the illustration, develops into a ciliated larva, which, sinking to 



Corynuyrphdj with detached medusae. 

the lx)ttom, grows into an attached Corymoiplia. The illustration shows these 
animals, which in the polyp form are always single, of the natural size. Unlike 
most animals of this sort, they do not attach themselves to seaweed or stones, but 
live on fine sand, into which they sink the posterior end of the stem. Numerous 
thread-like appendages of this buried part penetmte the sand in all directions, 
thus finnly attaching the animal. The mouth at the anterior end is encircled by 
tentacles, a second circle of tentacles surrounding the widened pari of the body 
which contains the stomach. Immediatidy atove this latter circle, the buds stand 
in clusters; in summer they are found in all stages of development, and even 
while attached to their stalks assume the complete structure of a medusa. They 
move their umbrellas actively, break loo.se, and thus complete the circle of develop- 
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mcnt or alternation of generations. Eninffu nriUt^tf ?vny/ONv/ is anotlier form in 
whicli, owinji^ to tlie st(X*.k l»oin^ ])ranclie<l, the ilivision oF lalumr is even more 
clearly set'n ; some uf thr individuals an* fei'din^ and somt* an* n'piMxIuetive, tlK*so 
latter turnin;^ into swimming-hells, and hreakin*:; l(M)st*. lloth these f(^)rms are 
small, as indeed are the ^ri*at majority of the hydroid stocks, hut vvliole forests 
of hydroid-j^olyp stocks may h(* si*en on tin* r<*(*fs in tlu*- Pi*lew islands, almost as 
tall as a man, and with roots three or four inches in diamet(*r. A hatlier, entt*rin^ 
such a forest, is terribly stun<x, the pain lasting for hours. A solitary foi’m 
(Mimordulas hnfK‘r(ti(d ‘) — the upper portion of which is hen* fij*uve(l — nearly ndated 
to (\>rijni()rf>lid, and 
found in the Northi*rn 
Pixciiic, attains still 
larger proportions. 

These animals, brought 
up durin;^ the (lial- 
IrtHjrv (\\pe<lition from 
a ^n*at <l(‘pth, wi‘re 
rnoiH*. than two yai'ds 
in l(*n<^th, with a pro- 
portionate ilianater. 

As exampli*s of 
stocks of which the re- 
])i'oductiv(^ individuals 
do not swim away as 
jelly-fish, wn* may selt*ct 
the pr(*tty, featheiHMl, 

])laiit - like creatures 
found alon;^ the s(‘a- 
shore, which an^ often 
thought to Im* plants 
hut are n^ally animal colonies, well-known ty]>es Sfriiildrin \im\ FLtnindurid. 

In these cas(*s, in addition to th(5 nutritive individuals, thei'e are tlui e^r^-l)(?arinf^ 
individuals which n(*ver turn into free-swimming meduste. In saying this, it must 
\)0. h^ft undecid<5d wh(*th(*r thes(* colonies are d*-^ene]’ate, that is, were onc<* capahhi of 
producing me<lusje, hut have now lost the ]k»w« i*: or whether they ar<‘ in a lower 
stage of development, alxn’e which they have m ver i-isen. One small lorm which is 
not hrancheil and ft;a,thered is /hfdrdcfltntt rrhimitu^ Found in th<^ North S<*a and 
on tlic English and Noiavegian coasts, when* it altaclies itselF to gastropod shells, 
inhabited by hermit-crabs. I’he ])olyp pro])a}>ly profits by chang(?s oF ))lace for 
feiiding, or tdstj for some* other n*ason adapts its< lF to the r(*sth‘ss life oF the crab. 
The part oF tlui sUxik common to all the individuals is tlie skin-like j)ortion which 
adhen^s to the surface of tlu? shell or other object to wdiich it is attach(*d. 1’his 
skin is raised up into spiny prominences, as shown in the* figure on p. 488. A homy 
layer occui's in this integument, similar to that of wliicli tlui single tulx'S consist. 
The nutritive canals running down the* sttans of the polyps are continued into 
this membrane, promoting its life and growth. In such a stock th(;rc*. are never 
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more than two kinds of individuals; namely, the nutritive individuals, dis- 
tiiifruisluid by their lon^ tenbicles, mouths, and digestive cavities; and the 
reproductive individuals, male or female. These latter have no mouths, and are 
supplied with food thi*ough th(‘. system of canals running to them from the 
nutritive individuals. These reproductive individuals, instead of tentacles, carry 

at their tips a circle of stinging- 



batteries for the protection of 
their eggs, which arc enclosed in 
capsules clustered together round 
the stalk a little way below the 
tips. The ciliated larvm emerg- 
ing from the eggs swim away, 
and eventually become attached 
and found new colonics. The 
egg-capsules in no way recall 
medusm, but all medusae whicli 
pass through a polyp-like inter- 
mediate stage also pass through 
the simple capsule stage. 

Two more of the Hy droid 
stocks arc worth mention, since 
they secrete masses of carbonate 
of lime out of which the animals 
pn)tinidc like corals, which indeed 
they were thought to be. This 
error was made l)ecause only the 
massive skeletons of the Hydro- 
corallia — as they ai*e called — and 
not the living animals were 
known. Inste-ad of the homy, 
often delicaU‘ly branching in- 
tegumentary skeleton usually 
found in the Hydroid polyp 
stock, that of the Hydrocomllia 
contains ninety-seven per cent, 
of carbonate of lime, and forms 


rouffh, solid-looking masses, with 

OROur OF A FEMALE STOCK OF Jlydractinia echinaia, > to 

«, Nutritive mdividuols ; 6, Female iiulivuluoLs. (Eulai^.) lobed processes Or boSSCS like 

those figured on p. 490, or else 
(Sfylastei'ida^) branches, like the precious coral of commei-ce. The whole surface 
can be seen even with the naked eye, but still better with a lens, to be covered 
with small pore-like apertui’es. Closer examination shows that these are of two 
sizes, a larger central pore being surrounded by an irregular circle of from five 
to eight smaller onea The mass of the colony is traversed by an irregular 
sj’^stem of numerous branching canals of different sizea In vertical section, 
indistinct layers can be seen running almast parallel with the outer surface. 
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These form the floors of the poh^p-cavitics. Only in the outermost layer of the 
stock is thei*e life, the inner ma.ss litun^ composoil of dead ski^leton. In this 
living layer there is a elosi^ lU'twork of soft branching tulu's, from which rise the 
small j)ol3^])s, tin*, bases of wliieh are eonm‘cttMl to^etljer by this m‘twoi*k. Th(» 
polyps lie in eup-liki' depressions, and, when undisturlKMl, pi‘oj<‘ct outward through 
the pores, n-treatin^ instantly at the sli^httsst disturbance. 'Die polyps, like the 
pores, are of two sorts. Those inhabiting the larger pores ai*e short and thick, 
with four short teuitaclos, resembling stalked globules, surrounding a con^parativelj' 
spacious mouth. Tlie polyps pi-otruding from the moi'o nuuHU’ons smaller pores, 
which surround the largi' on(^s, are much longer and have no mouths. Each of 
these ends in a simple knob. b(‘low which, at intervals, an 1 gem ' rally alternatelj" 
on one side and the other, slioi-t simple branches are given oft*. Thi‘. central 
polyp remains (juite still luit ihosi* which surround it arc constantly in undulating 
motion, often Ixanling down to the mouth of the central polyp, which they appear 
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to be feeding. Here, again, there is division of la))our in an animal colony, the 
larger central polyp provM(‘<l with a mouth b(*ing th(^ heeding individual, while 
the mouthless nutritivt^. individuals catch th** prey. The smaller l)olyy)s also 
probably defend the colony, being far lM‘tter arim'd with stinging-capsules than 
the larger polj^p. Tlje knobs with which the b-niacles en<l art*, stinging-batttu’ies. 
The manner of i*eproduction of the Hydrocoral I i a wliieh ant trojiical animals and 
assist in building up the coral-islands — is not yet known. Th<;y grow uptni rocks 
or dead corals, often co\'t'ring thti skeletons of sea- fans I {.(/it), anti art^ evtui 

found in the Bermudas on old Ixittles thrown into th<^ sea. In the latter cast; the 
lower side of the stfxsk is tpiitt; smooth as if polisln^tl, anti reprotluces exactly tin; 
surface of the glass with all its markings. 

There are two families of these Hydrocorallia, as they art; calletl, namely, the 
Milleporulw and the Htyhtsieridce. They are of great intertjst as illustrating the 
marvellous adaptability of living forms. While the true corals, which art; y>olyp- 
colonies somewhat differently organised from these hydropolyps, secr(;te great 
masses of solid rock, we find two small families of minute hydropolyps also 
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building np hard coral-.stcjckH. This phcnoinonon is cuIUmI coiiver^oncc ; two 
<liff([^rent kinds of animals, starting from different points, lK‘eonie a<Iapte<l to 
similar conditions of life, and eventually come; supei-ficially to rt‘S(^ml)h* one 
ajiotlau*. ffust as these hydropolyps forming coral W(‘r<‘ lon^ thought to be true 
coi'als, so many other animals liavt^, on account of their rt‘S(‘mblanci‘, b(‘en class(‘d 
to^(^ther which ai’cj now known to belonj^ to different groups. 



MIM.EIMHIA. 
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nonid ft ccidrftl ree<liii*j; individual (hij,ddy ina^oiilicd). 


Fresh-Water 'fwo otlun* Ilydroid polyps which live in fresh watcT, whil(‘ 

Forms. .^][ inarin(\ <l(*serv(* mention. Of lh(‘se, Or>/v//7r>y>//f>/vf 

laniArls Torms branched ti-ees from oik^ to thria^ inclu‘s high, rising From a n(‘t- 
work oF roots at tached to stoiu's, wood, muss(*l-sh(dls, etc. 1die whole stock — except 
the club-sha|)ed h(‘ads oF the iialividual poly])s, which are j)i*ovided with ])roboscis- 
like mouths and irregularly-bi’ancluMl thr(‘ad-like arms - is covered with a delicate 
horny envelope'. In tlu*st' stocks, which arc*. oF a rc‘d-gi*t*y colour, the sc*x(.*s ai‘c^ 
s(‘]>aratt\ Until the middle of the pivscuit ci'iitury, the Uo/v///oy>//oro had only 
bcH'.u mc*t with in brackish watc*r on flu* coasts oF Europe and of North Amc'rica. 
Aftc'rthat it appc*aivd from time* to time in the* low(*r courses of rivers, such as 
thc^ Thamc's, the Elbe*, (*tc., and now it has found its way far inland both in thc^ 
Old and Nc*w Worlds. It occurs in the Saale, near Halle, and is spt*cially plentiful 
in the slightly brackish lake* of Eislc*bc'n. In Hamburg it has in some*, places 
invaded the watt*r-pipt*s sui>})lying the city, developing in them to such a dc‘gree 
as actually to stop thc*m up. This history of the* migration of Ihtpltont is 

instructive in hi*lping us to undt*rstjind the rise of at l(‘ast a part of the fresh- 
water fauna. In this case, within our own (*xpc*rience, an animal inhabiting 
brackish water has in a few years lK*come so adapted for living in fresh water 
as to be considered altogether a fivsh-water fonn, without the least apparent 
in its organisiition. Whetlu*r a change in oi’ganiwition would not 



JELLY-FISH, ETC, 


491 


gradually take placo in tlio course of many y(‘;n-s is. of course*. anoMu^r <|U(‘siion, 
wliicli for tko |)»e‘S(*nt is unanswt'rakh*. 

In the Hjiilm lia\<‘ a. hy«lro]»olyn niii(*]i helli*]- known and ninch more* 
specially adapted to its hahilai. than the ^ V;/v///op//fNvr. liydias, whicli ai*e‘ 

from oiU‘-tdg]ith t-e) oiu'-third of an inch in lengtli, form siinj)li‘ stocks of one* or two 
branches, ami as ofbai as not are found sini^h*. 'J liey almost e‘xactly re'smnbh* in 
form those' ])e)lyj)sof the* 1/ f/d rurf i h in which ari* jn’ovideMl with a circles of tentacle's. 
The' wate'i- of stagnant ])oe)ls ea* ]>on<ls in which wate'i‘-])lants are^ abunelant will 
almost always yie'ld om* e)f the* thre'e' spe'cies of the* fji*sh-wate'r liylra, if the* water- 
ydants be' le'ft unelisturbe*el in a vesse'l. The* little* ciH'atures ofi<*u the* we*e*d and 

attach theanselve^s te) the* siele's of the vessel, whe'i-e* tle'v can b ('xamiiu'el with -i h'lis. 
When undisturbeel, the peelyps bi'gin to exteaiel 
and spre'ael enit their six e)r eight te‘ata(*h‘s 
like fine thre*aels. Small cre*atures. ceaning in 
contact with these teaitacles, reanain attaclu'el 
te) the'in, caught ami he‘ld by the* stinging- 
thre'aels, whe'ivupon the* te‘nta<‘le c<»nti*acts, 
bringing the pre'V te» the* mouth, whicli is 
ca])able‘ of gre'at e‘xte*nsie)n. fU'siele's the' large' 
stinging-ce*lls which she»ot e)ut long poiseaions 
thi*e*ads, paralysing ami holeling fast the* small 
creaiture's that ha])})en to come* too ne'ar, the' 
hydra alse) }>ossesses a smalh'r kiml of ce'lls 
with smooth thivads which are* m)t e'jecte'el by 
the stimulus that le*ads te» the.* e‘je*ction of the*, 
long thre'aels. Jieke*li, whe) close*ly inve'stigate'el 
this inatteT, came to the* conclusion that the 
small ce'lls we're* me)elitie*el fe)r an e'litire'ly elif- 
ferent functieai. He)we*ve.*r small the* little* 
crustace'ans ])aral 3 "seMl by the* hyelra may ajipe'ai* te) us, r(*lative*Iy to the* hyelra 
they are* e*normous, anel, eai be*ing stung, ve>nlel si]d< he*avily i.o the^ bottean. 
Jickeli’s obse*i*vations le*d him te) thiidv that- the* smaller capsule's act as buoys to 
ne'utralise' the* actiem eef gravitation. Inde‘e*el, \\ he n we* re*me*mbe'r how fa-i* i-e*inove'el 
te*ntacle*s are* fre)m be*ing hanels, we* can umle*rstand he)w much nun e* e'asily a victim 
could be ge^t into the* mouth if it lloate'el he'lph ssly ne'ar, than if it te‘nele*<l at e*ve*ry 
moment to sink like* a stone\ The* hyelra usually multiplie*s by me*ans of buds 
wdiich gre)W e)ut e)f the* Iwiely. I'he* offsy)ring ofte*u je*mains attacluMl tei the* mothe'r 
until it, in its turn, has give*!) rise* t-e) eaie* or twe> bmls. Single* (*ggs, howe*ve*r, de*vcloy) 
fre)m time* te) time* in the* be)ely-wall be*ncath cajisuh* e)r wart-like* ])rf)mine*nce*s. 

The astonislnne'iit e>f the^ naturalist lVe*Tnble*y, wheui he^ eliscove*ie*d that a 
hydra cut in j)i(^ce*s was nejt e|e*stroy<*el, but that the*. y)ie!ces we*re; ca])able‘ of 
deiveloping into new imlivieluals, was g»*e*at. lb* thought that if the* hyelras we*re^ 
plants, ])iece'S cut from the*m wouhl, like* yeaing shoots, be* capable* of furtlie*)- 
giX)wth. Kut he* had, me'antiim*, ceiim? to the^ cf>nchisie)n tliat the*y weu’c animals, 
and accoreling te) the* ide*as of the* time it was aii urdie*arel-of thing that ne?w 
indivieluals could grow frejiii cut-off ])ieces. And thus commenced Ins cxj)e*rimc,*nts 
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of cutting up hydras, which excited the liveliest interest among naturalists 
in the middle of last century. 

The hydra is also niiiiarkahlt^ on account of its capiicity for n^geiierating 
lost parts' of the body. Thousands of liydras have l)e(^n cut up in all possible 
ways, grotes([ue, monsters Inking produced of which drawings were made. Tremblcy 
also made attempts to turn the hydra inside out, like the linger of a glove. 
His firat experiments of this sort with fasting animals were not successful, but 
he succeeded with others which had been well-fed. Animals thus treated often 
succeeded in retuming to their natural condition. 

The formation of buds was watched with care by Rosel, who did not fail to 
notice that the digestive cavity of the young polyps, growing out at various parts 
of the parent animal, even when provided with functional mouths and arms of their 
own, still remained in open communication with the digestive cavity of the parent. 

Order Scyphomkdus.?!:. 

In the Scyphomedusm wo again have free-swimming jelly-fish, stocks developing 

into jelly-fish, and persistent stocks which never 
form jelly-fish. Whereas in all the HydromtMlus.'e 
the mouth opens dir(‘ctly into the stomach, in the 
ScyphomeduRse, and their attached and related 
forms, the skin round the mouth has been drawn in 
to form a tube whicli op(‘.ns some way down into 
the stomach ; the drawing-in of this mouth-tube, or 
(esophagus, having led to the formation of ridges 
on thewallof the stomach, which hold the inner end 
of the tube in place, as shown in tlie illustration of 
MonoxenU^, on p. 496. Althougli this does not ap- 
pear important, it indicat(‘s a higher specialisation. 

Taking first the fn‘e-swimming jelly-fish, the 
larger and more characteristic forms are distin- 
guished by their delicate colouring. Tha yellow 
and yellowish red Chr^/saora ocelluUi are seen 
floating past in thousands oft' the sou them coast 
of Norway. The western harbours of the Baltic 
Sea, after continuous northerly winds, are often 
filled witli whole banks of the blue Aurelia 
aurlhij and the splendid Ithizosioina are con- 
stantly to bt‘ met with in the Mediterrane-an and 
Adriatic Seas. On a fine spring day they are. 
almost always to be found on the shore, where 
these large, reddish blue, living hemispheres are 
wrecked, and a(X)n melt away. Indeed, the 
bodies of all jelly-fish contain so large a pro- 
portion of water that when a tolerably large specimen is laid on blotting-paper it 
evaporates, leaving no other trace than its outline on the paper. In these 
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medusae— which are well known to aill who dwell on the coast, and range from one 
to seven inches in diameter— we have the most highly-developed of the simple 
Cu'lenteratcs. Their Iwdy consists for tlie greater part of the circular umbrella, 
the margin of which is notched all i-ound so as to hang <lown in large or small 
lobes. There are also, along the margin, from four to eight or more »>ye-like 
spots, and extensible filaments. At the centre of the lower sivle of the disc is the 
mouth, which in some forms lies at the end of a projecting stalk, and is almost 
always surrounded by sevei’al thicker folded ])rocesses for the capture of ])i-ey. 



Uhiutfsloma. 


Ill somo eases tlu* fnldi'd ed^css iA th(*s(r rildioii-likr arms lus(‘ together, leaving 
only small sucker-like aj)ertiires. (.-anals run from the sac-like cavity representing 
the stonacli to tlu* edj^n* of the disc, wh(‘ri‘ they enter a circular canal, oft(‘n 
provided with apertures. The similarity hetween this apparatus of di^^estive 
canals, and the arran^eimmt obtaining in thcj Ctenophora is then evident. The 
repro<luctiv(‘ organs li<^ either in special sacs rouml tht^ stomach, m* merely in 
widening of the ciinals. The suriace of tlie skin is providi*d with innum<*rahle 
microscopically small stin^in^^ - capsules, and, thus armed, these so-called ])isco- 
inedusfiB float about in the water, their bodies beinjj but little heavier than the 
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water itself. Indeed, tlio common blue medusa {Anrdia) is slightly lighter than 
water, whereas most of these jelly-fish are somewhat heavier than that element, 
and sink <luring the pauses in their contraction. 

l-)iscomedusfe art; also found in the <lo(;p sea, one form of a delicate violet, with 
darker tentacles, being the so-called Periphylia 'uiinibiliH, figured below, which 
was dredged from a depth of over six thousand feet during the Glutlleiiger 
exi^edition off the coast of New Zealand. 

These beautiful (juiet creatures, themselves apparently so hannlesa, are not 



PiU'iphiflia (2 iiat. sizf.) 


exempted from the struggle for existence. Not infrequently, small Crustaceans 
belonging to the orders Isopoda and Amphipoda, related to the wood-lice an<l 
san<lho])]H*rs, become ])arasitic U})on them, and many genera are attackinl by a. 
small speci(‘s of fish. These fish collect in small companies under the umbrella of 
their j)rey, eating its arms, and i‘spt*cially their stinging-capsules, which <lo not 
apj)(*ar to injun' them. Although soim» of these spleinlid forms develop <lirectly 
as jelly-fish from the egg, tlu* gr(*at majority commence life as attached polyps, so 
that we have here again another instance of alternation of generations. The 
sexes are usually separate, and fnnu the egg arises a ciliated larva, which is oval, 
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hollow, aiul somewhat llattene-d, n‘calliii^ the shape of a loeket. This is the 
so-ciilled /fhnitfhi, whicli for a time swims about, tlieii attaclies itst‘lf iirmly by 
the end of its body and l^eeomes j)ear-s]iaped, tiui stalk of tbe ])ear bein^ 
rej)nss(‘nte<l ])y tlie attached rnd ; a horny envt‘loj)e is tluai st‘(*i’i*ted ovtM* tlu‘ whole 
surface, tlu* moutli bivaks through the free end of tht^ central cavity, four ti*ntaeh‘S 
appear, and we have a four-arme<l polyp or isfoant. ^flii* buitacles incri^tise 

in number, and the sriJiih L^i<nint can produce at its base a number of younj^ polyps 
which a^ain can multiply by division. At a ceitain per‘o«l, this metluMl of 
multiplication by l)uddin^ of the ]M)lyj)s from the base ceases, an.d each KCij])hl- 
sfonut divid(‘s up in (piite a ditieivnt fashion. The polyj> becomes horizontally 
constrickMl in several jdaces, until it a})pi‘ai*s like a numb m* of cuj>s placed one 
inside the other; this is called a s/r<thih( (j)ine-cone). When ready, the top cup 
breaks away, turns ovt‘r. and swim- as a youn- 
form of nu‘dusa, called an which ^radu- 

ally acquii'es the sha]>(‘ of tin* j)erft‘Ct discomedusa. 

We thus hav(^ here* an allernation of ;^n‘m‘rations 
ill which a sexual mediisa-eiau'ration is succ(‘t‘d<Ml 
by an as(‘Xually-r(*producJn;^ ])(>lyp-^(‘n(*raiion, 
this a^ain Ixdn^ follow(‘<l by aiK»th(‘r midusa- 
<^ene]‘ation. 

In relation to ihest*, and constituting^ a kind 
of ti’ansition form conm'ctin;^' the ])isconn‘(lusa‘ 
and the ]»olyps, aie the (-alycozoa, or cu]»-shaj)e(l 
niedusa\ which eith«‘r swim about freely or are 
attached by tlndr ajiices, where tlu‘ tirm gelatinous 
disc attains its ]L(reat(‘st thickness. At tlu‘. margin 
of tin* disc, thes<‘ forms cari’y ei^ht to sixU*i*n 
arm -like processes. In the attached forms 
{Lffcrnmnn) the ends of these j)roc(*sses are 
provided with short, tentacles, occasionally bruad- 
eiiiMl into discs an<l us(‘d for attacbmeiit, and 
also with stin!^in^-ca])siiles. 11ie Calycozoa m.iy 
leave their ])lace of allachnn'iit and swim about 
for a time, with a rotatoiy motion, and then a^ain 
scuttle down. Lui‘f‘rini ria has bi*en found as dee]> 
as three thousand ihrei^ hundi*ed feet, but appears 
to j»refer to settle in shallower water. The 
nearest relations of Jjarrmn rHf aie the Tcssrrhhv. ddiese creat»n*es aj’e small and 
swim about IVeely, bavin;; an ele;;ant Ion;; bell-like shape. The (‘<l;;e of the disc is 
dniwn out into alternately lon;;er and shoi-ter arms, ei»;ht to sixteim in number. 

Tiik Sea-Ankmoxes axd Couals, — Class Anthozoa. 

W(‘ turn from the free-swimmin;; Scyphoim*dusa* to th<* permanently iixe<l 
jKilyp forms, namtdy, tlu; sea-anemones and corals; tlie latter of which leav(^ 
behind them monuments compared with which the i)yramids sink into insignifi- 
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cance. Wherever these often minute animals settle, they build up great masses of 
ixKjk which may form part of the solid ground of the globe. Although Aristotle 

and his contemporaries recognised the sea- 
anemones as animals, almost two thousand 
years elapsed before corals were considered to 
be related to them. In describing the develop- 
ment of a small coral discovered on the Arabian 
coast, and named Monoxenia darwial, Haeckel 
states that the polyp, which is one-eighth of 
an inch long, is of strictly radiate structure, the 
mouth, which lies at the upper end of the 
cylindrical body, being surrounded by eight 
feathered tentacles. It is attached to some 
substratum by means of a flexible disc at the 
opposite end of the body to the mouth. It is 
clear that it has no hard skeleton, as the 
shape of its surface is changeable; and its 
internal structure must be shown by transverse 
and longitudinal sections. The development 
of Monoxenia commences with the egg re- 
peatedly dividing into many parts (6\ jD, E), 
This process, which is common throughout tlio 
animal kingdom and is called egg-segmenta- 
tion, in this case proceeds so simply and 
regularly that it ends in the proiluction of a 
hollow sphere enclosed by a single layer of 
cells ((f). Each cell scuds out a long cilia or 
whip- like process {F) by means of which the 
larva turns about and swims in the body-fluid 
of the parent polyp. One -half of the sphere 
now becomes infolded into the other half (H), 
and forms what is called a gadrulu (/, K), The 
Monoxenia darvrini (highly magnified). term gastrula has taken a great place in zoology 

in recent years, since the Russian naturalist, 
Kowalevski found that many <lifterent classes of animals, in developing from the 
egg, passed through sucli a stage. Haeckel, generalising from these facts, invented 
his (lastrea theory, according to which all animals in which the gastrula stage 
occui’s must have been di»scended from a common primitive form, Gastrea, which 
has, however, in its simplest form long been extinct, but of which the Coelenterates 
are the closest moilern representatives. 

The gastrula of Monoxenia is of the simplest kind, the infolding being 
complete, and the larva fonning a s<ic, whose walls consist of two layers of cells, 
or germinal layei*s, an outer evioderm and an inner end(Kleiin (see section given in 
the illustration). The transition fix)ni the flat dish-shape (//) to the sac with a 
naiTOw mouth is at once clear, and the knowledge that all the Cadenterates pi’oceed 
from a similar larva, and that all the complications of their various systems are 
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developed from such a simple gastrula, throws much light on their anatomy. During 
these transformations, the cndo<lemi, whose cells multipl3% continues as an uninter- 
rupted lining to the stomach and its appendages, while the ectoderm yields the 
constituents of thi^ skin. A third intermediate gelatinous layer, the 'inmHjIau, arises 
In^tween the out(‘r and inner 


layers; in this, muscles and 
connective intt‘rstitial tissues 
appear. The chief paiii of the 
j(*]]y fonning the great umbrella 
of the Discomedusa) consists of 




this mcisoghea. In the TiK'soglma 
of om^ division of the coi*als the 
calcifications take plac<‘. These 
internal calcifications ]>lay, h.ow- 
(*V(‘r, but a very small jiart in 
the great rock-making activities 
of corals as a wholes, IIkj most 
important calcifications beingt^x- 
temal. Returning to Hat‘ckers 
account of Mo a oxen in, although 
the transitit)n from the gastrula 
larva to tlu‘ adult animal has 
not been obsei-N'ed, there can be 
no doubt as to how it takes 
place ; all the transformations 
having been watcluMl in other 
species. Th(‘ larva attaches it- 
self with th<^ end opposite to the 
mouth, the cilia (lisai)i)ear, and 
after the mouth -tube (p) has 
Ix^en formed by the folding in 
of the aTitiu’ior end along the 
longitudinal axis of the body 
{L, o, ((\ and has thus become 
marked oft* from the stomach 
(if), the eight hollow tentacles 
rise round the mouth as out- 



STAOEB IN l>KVEi.oi*MENT OP Mimoxcnia danmni 
(liigLIy niugiiifio(i). 


growths of the body-cavity, or as direct continuations of the stomach. Like all other 
corals, Monoxpnia periodically multiplies by means of eggs which arise (iitlair in 
the walls of the radiating sbmiach partitions (or septa), or on their free (^flges, and 
have to ha ejected through the mouth, as development does not in this case tak(i 
place within the digestive cavity of the parent polyp. As a rule, the polyps are 
cither male or female, but in stock-forming species individuals of the two sexes may 
be mixed. Hermaphrodite individuals are less frequent. 

Monoxenia may be taken as the simplest type of the regularly radiate polyps ; 
in all radiate animals the different organs Ixiing repeated in regular rings round 
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the central axis. Mcmxaxnia and similar animals are considered simple, because the 
repeated organs develop similarly and simultaneously, and are comparatively few 
in number. The mouth, too, is circular. In many other poljTis, however, the 


8 



Moiwxrnia danmii (magnified). 

Ly Longitudinal section, on the loft, through one of the 
inUu'Keptal envitioH, ou the right through one of the 
^Mirtition walls ; My Transverse section through the 
line m n \ Ny Transverse section through the line 
sht \ Oy The eight-lipixul mouth ‘ajiertu re, with the 
of the arms ; a h c «, Principal axis ; j;, 
IMiaryngeal cavity ; 17, Digestive cavity ; ky Divisions 
of the digestive cavity ; Wy lUuliul septa or walls 
dividing up the digestive cavity ; e, Masses of eggs ; 
tiy Me.scnterial lilanieuts ; /, Masses of inuscde aiul 
connective tissue. 


regularly radiate typo is slightly departed 
from ; the mouth, instead of l)eing round, 
forming along slit, while there is a tend- 
ency for the originally radiate animal 
to become bilateral. From this account of 
a simple polyp, it is easy to understand 
what kind of animal it is which makes 
coral ; and our readers, if they have not 
already done so, will give up speaking of 
insects building up the coral-reefs.” 
It is, however, by no means all such 
polyps that form coral, nor do those 
which fonn it produce it always in the 
same way. Numbers of polyps, such as 
the l)eautiful sea-anemones, never produce 
any hard substance, but remain soft and 
delicate, though dangerous, at least to 
small animals, because of their stinging- 
cells. Many of these soft sea-anemones 
arc highly specialised creatures, as may 
be seen from the coloured Plate; but 
those which secrete coral are generally 
simpler, and smaller, and grow in vast 
colonies. It is the accumulation of all 
their little contributions of coral which, 
in the process of time, build up islands or 
even continents. In regarding coral 
animals as reef -builders, we may leave 
out of account, as unimportant, those 
which form hard spicules within their 
bodies, and consider only those which 
perform most of the work. Imagine a 
crowd of small animals like sea-anemones 
fixed to a rock, each one secreting a layer 
of carbonate of lime between itself and 
the rock, and this layer becoming thicker 
and thicker till each polyp rises on a 


little pedestal There is probably a race . 
between them, as tlierc is among trees in a forest, which shall reach the highest 
to get most of the food as it passes by on the currents in the water. Now, it is 


obvious that a ci'owded colony of polyps like this would in a short time add a 
thick layer of solid carbonate of lime to the rock on which they first settled, and 
this is, in brief, the principle of reef-building. As a matter of fact, however, it is 
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not quito so simple. The layer each polyp secretes is not a smooth flat disc, evenly 
secreted by the whole surface of its foot. Some parts of the foot secrete more 
tlian otliers, hence those parts rise up as spines, walls, and rings, which protrude 
into the body of the lM»lyp witliont, however, breaking threugh the skin. These 
probably help to bist(?n tlu* polyp to its pedestal, and prev(,‘nt it from ls‘ing swept 
oft‘by strong currents. Tln^ figure on p. 505 is a good illustration of one of those 
platea Each genus of corals lias a pattern of its own, each one perfect an<l bt^auti- 
ful in its way, and it is frequently a puzzle to iliscover how it is made. When a 
crowd of polyps grow in contact, tludr pedestals will also gniw in contact and 
form continuous masses ; this gi’owing in contact bedng ensnretl by their ordinary 
method of multiplication. For a coral-polyp does not have io wait until another 
takes up a position lx3side it, but as soon as it can feed freeiV^ it begins to bud or 
divide, preducing a numlK‘r of young ^xilyps close around it. These also bud in 
their turn and are soon surrouirh'd by young polyps, and in this way such compact 
colonies are formed that it is a struggle among the inner on*\s to avoid Ixung 
suffocated. We thus have densely crowded colonies of polyps struggling upwards, 
each individual secreting a more or h'ss lieautiful and complicat(;d pcuh^stal. The 
pedestals are fused together in a hundred diflerent ways, and from these different 
patterned jiedestals, with their various ways of fusing together, arc pi’oduced the 
almost countless different kinds of coral which togc'ther build up coral-reefs. 

In a growing polyp-stock the indi\dduaW usually remain in organic connec- 
tion, that is to say, each first j)rovi<les for itself, and then shares its suixTfluity 
with the others, sometimes by means of a continuous reticulated system of canals 
running from polyp to polyp, perforating th(‘ stony substance which often separates 
the members of the one stock frem another. The whole stock may thus be 
physiologically one creature with many mouths. Whore, however, the secretion of 
the pedestal is very rapid and the bud<ling V(*ry slow the 
polyps may sej)arate, each standing at the end of a branch ; 
the illustration of Cttulasf raut showing an example of this. 

It will bt^ underetood fi’om this di*scription that only thc^ 
layer of growing polyps with thiur intcrcoinmiinications 
can be spoken of as living: and as this layer rises higher 
and higher by secreting fresh layers of carbonaJe t)f lime , 
the living linings of the communicating canals air either 
withdrawn or die away, and all btmeath the living layer 
is mere dead matter built up and left beliiml by the 
coral animals. 

Before passing to our survey of the corals themsrlves, 
two other points deserve attention. Not all corals form 
stcxjks. Some remain single, lik<‘, the mushr(X)m-corals 
(FiingicUe), which grow to a very large size with a heavy 
solid skeleton ; and although these form new polyps by 
budding, the latter become detached and live as solitary 
individuals. Again, although coral-reefs are due to the great power of multiplying 
by division or budding, yet all corals, so far as is known, also at certain times 
produce eggs. The further development of these eggs gives rise ultimately to a 
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small polyp, which settles down and commences tf^ secrete its pedestal and then to 
bud, thus starting a new coral-stock. 

Six-Rayej) Poi.yps, — Order Hexactinia. 

This name must not lu*, taken too strictly. It is true that it was applied in 
good faith, because it was believed that this order always liad exactly six or 
some multiple of six as the number of the tentacles ; but corals are tied by no 
such rigid rules, and all we can say is, that the number of tentacles in this 
order generally approximates to some multiple of six. Among the Hexactinia 
the sea - anemones take the fii’st place. They spread over all seas, bfdng 
especially plentiful in the temperate zones, near the coast, at dtjpths which 
bi’ing them within the reach of every observer. They are distinguished by tlK‘ir 
solitary manner of life, their size, and their vivid and usually beautiful colouring. 
The skin is firm and leathery, and often covered with warts. It does not secrete 
any calcareous skeleton either inside or outside, so that the animal is soft and 

capable of gre^at contraction and changes 
of shapfi. Most sea-anemones use the 
basal disc for attachment, and can move 
from place to place by means of it, but 
a few species lx)i’e into sand with the 
|)Osterior end of the body, or else secnite 
or build a sheath which they inhabit. 
In our coloured Plate are d(‘picted, in 
their natural brilliant colours, a number 
of sea -anemones living in the Naples 
aquarium. To the left, in the fore- 
ground, are two examples, one extended 
ami the other contracted, of the red 
Aviiiiia cquinay which varies greatly 
in colour. In the centre of the group, 
somewhat to the left, tliere is an ex- 
temled specimen, and near the right 
edge a strongly contracted specimen of 
the lovely green Actinia cari. Other beautiful forms are found in the two 
striped anemones, Rarjactis pvMmi and Cereactis aurantiaca. The sun-anemone 
(Heliaeiia hell in), again, varies greatly in colour but is always elegant, and the 
same may be said of the tioniipet - anemone with spotted tentacles {JEptasia 
mutahiliH), In the foreground at the centre a hermit-crab is seen cany ing with 
him his guest, the cloak-anemone (Adarnsia pallidta). A less conspicuous anemone 
(EliKictis Dutzelii) is provided with somewhat long cylindrical tentacles. The 
Anemmria snlmta lets its tentacles float gracefully, while the vestlet {Cermiithits 
'membra )i(icem\ of vaiying colour, hungidly stretches out its arms in all directions. 
Clad<ietis coM<v, which is covered with warts, is no less voracious, but with apparent 
apathy allows its tentacles to droop around it. 

These quiet, externally beautiful, and apparently harmless creatures are in 
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reality extremely voracious, dev’^ouring large pieces of flesh, and sucking down 
mussels and oystera When fed in an aquarium, the long gi’asping kuitacles 
greedily surround the food, such as morsels of flt‘sh, small fish, or crabs, given to 
them, and convey it to the mouth ; not merely are the juices sucked out, but the 
flesh itself is digested, only the fat being rejected. Well-fed anemones changii 
their skin frequently, no doubt because of their quick gi*owtli. During this 
process, they remain closely contracted, expanding again after it is completed ; the 
shed skin forming a IcKise, dii-ty-looking girdle round the base of the foot. Anemone's 
only settle in places where the currents bring them tiie animal food they not'd ; 
and are most plentiful where the current is strongest, as, for instant*e, at the 
entrance of harbours or on rocky coasts. Some sjnscies are in tl. habit of settling 
on other animals whose requireimuits make them fretiut'iiiers of disturlx'd watei-s, 
hermit-crabs l>eing especial favourites. Ceitain species again, such as the large 
yellow - and - brown - strijied Aci 'ntut effivln (set' illustration lx*low\ are indeed 
always found fixed upon the sliells inliabitt'd by 
these crabs, the one mentioned being generally 
found with Paguriis siriahts, a large Mediterranean 
crab which inhabits whelk-shells of suitable size. r - 

Two or three of these anemones often setthi on one , \ 

crab, which docs not se(‘m to be at all incommodi'd 1 1 1 . 

by his burden, while the former profit in the matter I . J 

of food by the wanderings of their host. ^ 

On account of the (*ase with which anemones ^ ^ 

are kept in captivity, their manner of re])r(xluction 

has been well observed. With rare exceptions, they ^ 

develop from eggs. Dalyell kept one for six years, •- 

and reared from it upwards of two liundml and ^ 

seventy-six young ones. Two of these young liV‘d („at. size). 

for five yeai’s, producing eggs at ten or twelve 

months old, which hatched a couple ol months later. He saw that the ciliated, 
infusorian - like larvin (see illustration on p. 500) settled down on the eighth 
day, losing their cilia, the- first tentacles api>earing din ing the process of attachment. 
Young anemones often pass through their whole d<*' ‘‘lopment within the Ixxl^^- 
cavity of the parent. Kvt^n in a free condition sea-anemones can easily bo studie<l. 
Closse has w^ell descrilx'd the many British sjiecies, and Lacaz<‘-1 luthiers has givt'ii 
a still more detailed account of several kinds stude <l in connection with tlndr 
development. He gives many details of the common Kuropean Artivlff vijuimih 
found along the coasts of the English Ghaimel in all i*ocky jiarts at low-watiir 
level. Its colour varies lx‘tw<!en scarlet, rose-red, dark i*ed-brown, and olive-green, 
a distinguished charactenstic being a circle of beautiful i)lue warts below the 
tentacles. 

Most anemones are provided with several circh'S of more or less similar 
cylindrical tentacles, but there are some specially l)eautiful spe^cies which, Ixisides 
tentacles of the usual shape, have, either within or outside; of the circle of ordinary 
tentacles, lobed or leaf-like tactile and seizing organs. These Ixilong to the family 
of the VrauihactinyM. The beautiful Crambactia from the Ked Sea, shown in the 
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illustration, has, immediately round the mouth, several circles of delicate grasping 
tentacles, shaped like curly cabbage or endive leaves. Below these comes a circle 
of numerous thick arms altogether unlike the others, being rough-skinned, and of 
a simple spindle shape, the body itself forming a thick disc. All the tentacles of 



ENDIVE-AKEMONE, Ciwii^jactis (soDiewhat less than nat. size). 


the sea-anemones are hollow, with a fine aperture at the tip, through which, when 
the animal contracts, the water contained in the body>cavity can be expelled, but 
in the deep-sea forms these organs are very curiously modified. For instance, in 
the genus Polyaiphowiay here illustrated, the tentacles are short and unsuited for 

catching and holding prey : 
but the aperture at the tip 
is large, and through it 
flows in water containing 
organic detritus which can 
be used as food. '^I'he allied 
Sicyon h*t lias sixty - f ou r 
wart -like tentacles with 
wide apertures sbinding in 
a double circle round the 
mouth, and in Liponeiiut 
the body-wall is perforated 
by several hundred aper- 
tures leading into the 
digestive cavity and coire- 
sponding to the tentacles. 
Although most mem- 

BHORT-TENTACLEU ANEMOXE, PohjsipJionia (nat, size). bers of the group arise as 





SEA-ANEMONES, 


503 


single individuals from eggs, some multiply by the detiichiiK'iit ol* snuill ])i(»e<'s from 

the pedal disa Fischer observed this process in the translucent anemone {Sdija rtia 

pellucidii) on the French coast. The pieces detached 

on the 23rd of August had, by the 7th of September, 

developed into small individuals with fifteen or 

sixteen tentacles. Multiplication by fission seems 

common in several species, such as S. and 

always ends in producing single individuals. Sea- 

anemones sometimes, however, fonn stocks, but ai*e 

then no longer called Act i v i<i but Zixi n tharid. Such 

stocks are not veiy numei*ous, but some spi^cii's can 

be found on European cojists. TIh‘ genus Z(Htn~ 

tJmridf in which the separate individuals ai*(‘ unit(‘d 

by a creeping branching r(x)t, is distinguished fix)!!! 

Palythoa, in which the common stock resembk‘s a 
root-like crust, on which ilie polyps form irivgular 
groups of vai*ious sizes. A p(‘culiarity common to 
the two genera is the incor|)Oi*ation of hard pai-ticles 
of the most different kinds — sand, sjunige-spicules, 
pieces of shell or coral — into the IxKly-wall in largo 
quantities. Tlui walls in consecpience lx‘Com(‘ so iirm 
that the exact form of tli(‘ Jiolyp is retaiTie<l in driiMl 
specimens. Th(^ s])eei(*s of Pdlyfhod, although un- 
attractive when in spirit, are of a sulphur y(‘llow, 
and lx».autiful wluni alivi^ in an extended condition. 

The most interi‘sting s])(‘cies is PdlyikiHi fdhdi, 
which is always found growing on and in one of 
the most curious of sponges, the Japanese glass- 
sponge (HydloiK'thd ), Here the surface of the stalk, 
that is above the portion eml)edded in the mud, is 
covered with a warty crust belonging to this 
Pdlythoa. All tlu^ s|H‘cimens of this Japanese 
sponge in European museums in 1860 had tlieir 
stalks overgrown with the PaJyf/toa, while many 
had their bodies also covei*ed with another jxilyp 
which, however, settled singly and, fortunately for 


the s|K>nge, did iu)t fonn a sandy crust. The illustra- 
tion represents a specimen ol this beautiful glass 
rope-sjX)nge, its lx)dy pitte<l all over with holes in 
which small Anthozoa once lived, and its stalk 
coated with the samly ci’ust of the stock -foi’ining 


I'AllA'^ITir AN'KMONK (/*«//// to) OH 
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Palythod. The former, having no skeleton, diy up The lic.ics on tlio iiody oi tin- h|)oiij:i* 

. , . !• ii 1 • 1* 1 • 1 • 1 an* Idnm.'ii Wy antlio/ouiis. 

entirely; no traces ol them being ioiind in dried 

specimens of the sponge except the holes they lived in. Unlikti a parasite, the 
poljqis do not feed upon the juices and soft-parts of the sponge, nor indeed do 
they share its food, but simply settle upon tlie sjionge and feed upon the fcxid that 
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may chance to come within reach. It is interesting to note that a Palythoa 
closely related to the Jajmneso form occurs in the Adriatic, and is also attached to 
sponges, scarcely a single specimen of the sponge in question being found without 
its polyp guest. The larvae hatched from the eggs of the Palythoa evidently 
perish unless they meet with one of these sponges ; but the manner in which they 
find and recognise their particular host is quite unknown. Other species of 
Palythoa found on the American coast settle on the shells inhabited by hermit- 
crabs, covering the shell as an uninterrupted mass several lines thick, and the 
individual polyps rising to about an equal height above 
the general mass. The shell becomes disintegrated Ix^ruiath 
this cover, and the polyp-stock then remains as the only 
covering to the crab. In this case there is mutual 
advantage, for the crab is covered and protected by the 
polyp-stock, while the l>olyp profits by its wanderings and 
enjoys constant change of water and new fields for food. 

An extraordinary form, very nearly allied UiZoantharia, 
has been described under the name of Polypai'ium 
amhulauH, and is found in the strait dividing the island 
of Mindanao from that of Billiton. It consists of a colony 
three inches long and six wide, flattened from above down- 
ward, and therefore more or less ribbon -like; and the 
anterior cannot be distinguished from the posterior end. 
The upper surface of the colony is covered with peculiar 
polyps shaped like chimneys, the base being much wider 
than the toj), which Ciirries a round aperture. Each polyp 
is extremely minute, and has no tentacles. They stand 
in irregular transverse rows of from five to eight, differing 
in age and therefore in size ; the lower sitle, on which the 
Tlje Kinall dried-uj) jiolyps are colony rcsts, being besot witli protul>crant suckers. These 
spougu.^” differ much in size, but stand in regular rows divided 

by furrows, and serve for attaching the colony, and also 
enable it to creep. The colony can i»ven be seen slowly climbing up and down small 
stones. The polyps have no septa in the digestive cavity, the inner side being quite 
smooth ; and the lower end of (^ach is not closed, but communicates with a large 
cavity running along tlio whole colony, and divided at regular intervals by partitions. 

From th(^ foregoing observations it will be seen that in the soft 
division of the Hexactinia, or six-rayed anemones, there are both 
single individuals and colonies of individuals joined together to form stocks ; and 
tliei'e is also the same diversity in thc^ skeleton-producing division — the corals 
proper, where we have both single individuals and stocks. Whereas however, in 
the soft division, the simple individuals are the more numerous and the colonies 
compamtively rare, among the corals the opposite is the case, the colony-forming 
types presenting almost innumoi’able varieties. This is not difficult to understand, 
since the soft anemones cannot well form complicated colonies, whereas the skeleton- 
fonning pol3^ps, by combining their skeleUms, can build complicated stinictures, in 
order to raise themselves into more advantageous positions. We have first, then, 




Pidythoa axineUce (somewhat 
less than nnt. size). 


True Corale. 
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to consider those corals which do not typically form stocks, but remain at th(‘ sta^e 

of a simple sea-anemono, only with a ri^id, calcareous skelt.*ton supporting, and no 

doubt protecting, them in different ways. All the corals found in llritish seas are 

(with the exception of th(‘ so-called tuft-coral) single, and generally very small. As an 

example of a r(*gular, circular, solitary coral, we may take Thecovjiafh vf/li adraceuH, 

the skeleton of which is shown in tlu‘ illustration. The 

animal when expan<led fills up the ct'iitral depression, but 

when, on expi*lling the greater part of the watery contents 

of its cavity, it contracts, the whole l>ody stnuns to sink ^ Imf 

into the hollow cup fonmMl by its skeh^ton. Jn the * IjM. 

illustration we si‘e only th(i outer Avail and the top of the !!|l J.llf 

ring of septa, which ar(‘ solid vertical jdates, rising up 

from the ped(;stal secreted by tlu* foot and radiating out- v \ 

wards in all directions. Two oiliei- solitary corals are ' 

worth describing, as they sIkjw C(‘rtain interesting sp(‘cial- — — 

isations. Both of them may inereiise by budding, that is, ^ 

by the method Avhich, in colony- forming corals, lea<ls to (he 

formation of sbjcks, if the buds remain attached to tlear par(‘nts. Whim, however, 
solitaiy corals bud, tlu* buds fall off, aiul lead solitary livt*s like tbeir ])art‘nts. 

Most of tlu* numerous sj)(*cies of the scarlet cris[>-corals (F/dhrll u in) are 
indiAuduals, and are characterist*<l by the slit-like form of the mouth. At <i in tluj 
illustration the living animal is seen fj*om above, AvhiU* h shows a side* vii*AV of the 
skeleton, which is attached. It resembles a pair of fans fasUaied along their edges ; 
and just inside* tlu* outer edges of tlu* fans is tlu* row' of t<*ntjicl(‘s. ^Jdie whole* 
animal is as if tlu* uj)pe*r end of a circular polyi> had lx‘(5n s(|U(‘(*z<*d, so that tlu* 
mouth-area, instead of b(*ing round formed a long oval (ff). An intm*(*sting case of 

budding occurs in tlu‘se coi-als, 
buds falling o(!'. In the 
h illustration, c shows tlu^ laid 

growing eait at the toj) of an 
individual like h. In this 
budding condition tlu; coral 
might pass for a diflerent sp(*cies 
of Fldhfiltitu. Tlu; bud, how- 
fvt-r, ultimately falls off (</), but 
iMstc*ad of becoming attaclu*fl, 
is swept by the waves into sonu; 

SCARLET cKisr-ioKAL, FhUMUum (iiJit. sizc.) ro(*ky fissu I’c, w'hcrc it spends the 

rest of its lib*. B(;sides the* fact 
that it remains unattached, this bud difhu-s from its attached jiarent in a far inoj*e 
important rc‘Spect. It can ]»roduce eggs, Avhich the fixed coi’al can not do, so that 
W’^e have here another case of alternation of generations. Out of the egg com(*s 
an attached form, which buds and ]>ro<luces the free unattaclu*d foj-m, which again 
j)i*oduces eggs, and so on. The j)reduminating coloui- of this species is a beautifully 
intense and yet transparent red, the mouth-disc having almost alw^ays broad bands 
of darker red, most marked in the paler specimens. 


SCARLET CRISr-lOKAL, FhUMlllUit (llJlt. sizc.) 
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The mushroom-corals (Fungiidw) are another remarkable ^roup of solitary 
forms, taking their name from their resemblance to the head of an expanded mush- 
room turned upside down. Turning to the figure of Thecocyathus (on p. 505), and 
imagining the circular wall pulled down all round, and drawing down the septa so 

that they radiate outwards, some idea of a Fungia may 
obtained. Their skeletons are remarkable objects, whicli 
^ would in any way connect with a sea- 

anemone. Although the mushroom-corals are considered 
to be individuals, reproducing theiuselves by means of 
both budding and division into halves occur excep- 
tionally ; in the former case the buds sooner or later 
U ; becoming detached. In some there is an alternation of 

** 1 ^ ' ^ generations, leading to the formation of compound stocks. 

In the ill ustrated form tnie mushroom-corals are produced 
' - at the ends of the branches; at a one has become detached, 

MuaiiiiooM-couAL BUDDING AND othcrs aro in difierent stages, the youngest bc*ing 

(imt. size). nearly cylindrical, like a typical polyp, whereas the older 

ones spread out like a typical Fn vgia. When a bud has 
fallen off, the stem seems capable of developing another. This is the asexual genera- 
tion, reproduction by eggs bi‘ing the sexual gi^neration. Lastly, certain solitary corals 
have recently been discovered in the deep sea, where, on account of the presence of 
carbonic acid in suffi- 
cient quantities to 

make iisi‘lf h^lt, there f 

is little lime. On this ji 

account the calcannnis II ^ 

skeleton is gi*n(*rally V \ ^ J \ li // 

distinguished by great v\| A 

delicacy. A deep-sea . ^ A 

coral with such a d(*li- 

cate skeleton (Lrjtfo- f ^ 

pen its), found oft* the 

east coast of South ^ ^ 

over a mih‘, is shown f 

]>(Mh‘stal is formed of a 7| V)\ 

dt‘licate network with jf i t i i I 

fine rays or spokt‘S, ^ ^ 

connected together in a 

regular manner by a uv.v.v-^hkx Lrjito/tenu.'t if isrus {n&i. size). 

transv(*rse supports. 

I^lentifiil as art‘ the solitary corals, they are surpassed in number by thos(» 
which form compound sk>cks ; that is to say, in which the buds do not fall off* but 
go on budding till coral-islands and barrier - reefs are built up. As it is im- 
possible to give here more than a very few illustrations of the many difierent ways 








A DEEI'-SKA eORAL, Lrjitopenitu (fisrus {n&i. size). 
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as 


which the coral-stocks grow, we can only select a few tyj>es. In Hrinhx , 

shown in the illustration, we have a tree-like growth : each l>ol 3 ’p secreting a 

solid pedestal for itself, 



and living in a d(‘pres- 
sion in tluj top. ^J'his 
is siiowii in the s(*eti(Ui 
]i. Into this depres- 
sion the soft animal 





A UUANCIITNiJ (<(Hl\L, Ih h'tnihullin, 

Teriiimal Lraiicli of a stork 'nut. size) ; 7», Longitudinal section of a single i>olyi» (inagnilied). 

can withdraw at the apjiroach of danger, drawing all its tentacles (whicli also 
contract) down to n, Tlu^ space oecii))ied hy tht‘ animal is not very ]*(H)my at 
the best, and it is further limited both by a great columella f/, rising iij) in its 

intcM'ior, and by the solid s(‘pta h ])roj(‘eting into it 
all round. It must not he forgotten that these* ))arts 
are not in tlu^ animal but outside of it, and as tlH‘y 
are secreted ihe*y jaish the^ skin np and iH‘ver 
trat<i into tin* tissues th(ans(*lveH. ^Fhese^ polyps Innl 
at intervals, the apical polyp most freejm*iitly ; and 
tlie re.sult is a sim]d(^ l>ranchi‘d stock, as seen. 

A diff(*rent kind of stock is elevelopeel wh(*n the* 
polv]>s proelucc many buds, as in the* madj-ejjoics. 
In these delicate ..locks, se*U*cte*el ])e)ly2)S s])riiig nj) 
above the re*st, and xla ir sides become c(jve*reel with 

small bin Is. Space* 
would obviously 

thi*se small hue Is 
to buel again in 
the*, .same* maime*r. 
A fe*\v fave)ure*el 
enie*s, he>we\e!i*, 
wliiedi have? suffi- 
cient lexiUi iie‘xt 
spring out ami 
become coverexl 

111 the section U the canals which connect the polyps through the stony skeleton are seen, again witll SUluIl 






A MADKEiHiUE t'OUAL {Ma^rcpora irrmrosn). 
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buda Each bud is a living, feeding, coral-animal, surrounded by its crown of 
tentacles. These madrepores play no small part in building up coral-r^fs, and 
the many different elegant forms which they assume (while keeping to their 
method of budding) is astounding. Some corals, again, do not forn> true branches, 
but may cover the ground like a li(‘ld of corn, — a good example of this type being 
found in CUulocora caiHjntom, which inhabits the MediteiTaiiean and Adriatic seas. 
Hfire the single individuals form somewhat long tubes, and the buds arise 
laterally at the lower end, then bend upward and grow alongside of the parent, 
without any further connection or fusion. The spaces between the different 
rising polyps are not filled in with secreted hard matter, but the latter grow up 
side by side free. The stock, therefore, is easily broken. This coral flourishes 
extraordinarily in many places, covering areas of over one hundred scpiare yards, 
wdth a growth of a foot in height. 

The method of growth just described is shown also by another and (piite 
different coral, Astroidr-s calyctihirw. As in Cladocora,}iiiit described, the single 



A MASSlVK coiiAL, AstroUlcn (u&t. size). 


j>olyps, with their calcareous tulx‘s or petlestals, are not fused together by any 
Ci-imeiiting substance. The yellowish re<l polyps are seen standing out a great 
height above their cavities, much more so than is usual in corals. The larva? of 
these corals leave the egg while still in the large, chambered body-cavity of the 
pai'ent, where they swim alK>ut for a time, till they escape through the mouth. 
They an^ long and worm-likts and slightly thicker at the posterior end, but may 
change considerably in shapi*. They swim alxmt rapidly by means ot their 
covering of cilia, tlu‘ thicker end Ixung foremost. The mouth appeal's at the thinner 
end soon after the larva leaves the body of the parent. Its free-swimming life has 
been known to last as long as two months ; but under natural conditions it would 
pixibably be shorter. A strong siiwco had a marked effect u|)on the larva?, which 
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seemed to iKJCome exhausted, contracted, and l>ecame attached Tlie transition 
from the worm-like larva to the polyp takes place as in tlie anemones. The 
thicker end of the body is pressed against a hard rock, and the wliole contmeis 
into a thick, round disc ; while longitudinal furrows Ix'como visible at the upper 
pole, where the mouth sinks deeper. At the ends of these furmws the twelve 
tentacles appear. The accompanying tliree illustrations show tlu' stages which 



UEVKUH'MENTAii sTAUEs OK /*(>///<■.< (luaguilicil 2 1 times). 


follow in rapid succession, resulting in a form almost (‘xactlj^ like a young sea- 
anemone. It has, how(ivor, already comm(»ne(‘<l to seeret(‘ its calear(‘()us skedeton. 
This is not fornavl as a conn(^cte<l wdiole, but lK*gins as a number of S(‘parat(^ C(mti*(‘H 
of secretion between th<^ J>olyp and th(i substance to which it is fixed. 1'hes<^ m(‘(‘t 
and fuse, till gradually the skeleton is jntKlueed. The joly]) comnu'nces to bud, 
and the buds develop tlieii* skeletons, the wdiohj togeth(‘r foi-iiiing a stock lik(‘ that 
shown in the illustration. 

The star-corals, which are some of tlie principal rccf-build(‘rs, do not branch, 
but fonn great solid mounds; 
the polyps being all cemented 
together, and the budding so 
arranged that the wliole colony 
forms a thin, living laytu* or 
covering to the mass it and its 
parents have built up; all but 
this thin layer on the surface 
being dead coral. The illustra- 
tion given is of Asinvxi pallida, 
a species wdiich appears as a 
rounded mass, wutli flat base, and 
the individuals being quite dis- 
tinct from one another, although their outer walls are in contact. Those on 
the top and to the right of the figure are represented in a contracted coii<litioii, 
and the rest with expanded tentacles. None of the individuals here seen arc in 
the act of dividing; and the genus is characterised by the fact that the hud- 
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(ling polyps separate from one anoth(^r completely, forming so many distinct 
individual polyps. 

In the brain-corals, or Meandrlua, we have animals budding, but not com- 



A BRAIN-CORAL. 

A, Stock with tlio soft-paris ; 7i, Skdetou. (Nat. size.) 

plctcly separating. No hard wall grows between the bud and its parent, although 
such separate the polyjis less closely related. We thus get a system of valleys 



TRRKR MONTHS, WITH TKN- 
TACLKH AND DIVIDIND 
WALLS OF BUATN-(M)l{Ali. 

with rows of mouths, 
l)elongi]ig to the 
polyps, which have 
buddeil off from one 
aiiotlier. The valleys 
are bounded on each 
side by the hard 

walls separating 
them fix)m similar 
valleys containing 

similar scu-ies of 

j)olyps. Tlie three 

illustrations will en- 
able the reader to 
undei'stand thisbi-ief 
description. 



A ITORNT roRAl., .1 ntijHithvs arlwrea (nat. size). 


Horny OoralB. 


We liave hitherto described skeletonloss forms, and fonns 
secreting solid, stony skeletons ; the Antipatharia have horny 
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skeletons, the method of secreting whioli will Ix^ described when wo come to 
the homy skeletons of the next gmiip. The polyps have only one, instead of 
several rows of tentacles, and in most of tlu*ni the tentacles are six in 
number. They form compound stocks, looking like delicate shrubs, with long 
branches, fi*om which the polyps proji^ct, these branches being su])])ort<'d by a 
flexible homy axis. In the Fiji Islands a stock thr(*e f(*(*t high, with a stem lialf 
an inch in thickness, lias been found. TIh^ g(‘neral form t#f the wliole stock, the 
brown colouring, and the small, thick ttmtacles of th(' little jiolyps are, not 
attractive. 

The Ekhit-Kavei) Polyps, — O rdiT Octactt ma. 

Although this second order of the corals contains a ^Mriety of forms, tln' 
appearance of the individual animals is morii or lt‘S8 anifonn, the numlKU- of 
tentacles being always eight. Th(» tentacles are not hollow, but ’ire usually some- 
what flattened and notch(*(l ixiuml th.‘ e<lges like dedicate leaves. Tlu\se corals 
form stocks which are soinrtiines knoblnMl or IoImmI, and sonndimes restunble a 
hand or tree with simple brandies. 1'he individuals of tlu‘ stock are usually 
small and rise like minute white blossoms alK)V(' the soft fleshy surface of th(‘ 
stock, which has a peculiar r<Ml<lish ycdlow glist(‘ning a))p(‘arance. The stock 
attaches itself by means of a sb'in, or (‘Ise r(‘sts loosiOy in the sand, genei*ally 
at a moderate d(‘pth. These corals si^cnde carlnaiate of lime, but in no case in 
the saiiK^ way as do tlu^ true corals or th(‘. hydiX)Corals. In both these latter 
the solid skeleton is foruMvl by th<^ outer skin, whihi in the present group 
the secretion takes the form of minute calcari‘ous particl(‘s of definite shape 
scattered about betw^een the outer skin and tiH‘ lining of the, l)ody-cavity. Th(‘se 
spicules never fuse; togc'ther to form solid continuous massifs, but may, neverthe- 
less, be present in suflicieiit (juantities to give th(^ low(‘r part of th(‘- Ixxly a certain 
degree of rigidity. Wluui fr(‘sh, the stocks show sonn* elasticity and turgescenci^. 
When removed from the water the whole stock contracts sti'ongly, hut swells out 
again if placed in an a(|uariuin, wheni it may live for wc(*ks or montlis, althougli 
the great swelling of the lower j)art shows ili.it its condition is abnormal. A 
tendency to form a st-em is also common. illustr:.tion on p. 512 shows an 

alcyonarian, as tliese corals ar<‘ called, witli its lower part modified into a stem 
free from individual polyps ; while the m‘xt ligure exhibits a i’epresentativ(‘, of 
another family, the sea-pens {PrnnafuiUlfv), wliicli also form stocks diviihid into 
a polyp-bearing area and a stem lesting on tlie sca-lK>ttom. In one of the simplest 
fonns of the sea-pims (V('retiMn)u) tin*, upper part is simply surrounded by polyps, 
and the lower a cylindrical stalk. A stock of this last-named type may lie for two 
or three consecutive weeks like a wrinkled turnip at the iKittom of an afpiarium, 
with all its activities suspende<l ; no individual polyp apj)(‘ars ; no food is taken in, 
and the circulation of wat(?r, necessary for the life of the stock, do(^s not takii 
place. After a time, however, tlie fine pores begin to take in wat(*r again, the 
surface becomes smoother, and gradually, as the, individual polyi>s appeal- and 
stretch out thidr tentacles, the colouring of the whole stock becomes morii vivid 
and more delicate. The stock lengthens and thickens, and the white crowns of 
tentacles stand out in dazzling contrast to the red of their bodies and of the 
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common trunk. The fcwt swells out like an onion an<l becomes transparent, 
curves, and sinks into the stand; and the stock, which during its period of 
inactivity lay prone on the gi-ound, as.Humes an erect position. In these sea-pens 



AN AiATYONAUlAN CORAL, Alcyonium (uut. size). 


thft parts of the stock may be compareil with the parts of a feather, the whole 
boin^ bilaterally symm(*trical, and the single l)olypa binnfj carried on the leaf-like 
lattiral appendages of the stem. I'he sexual animals, which are provided with all 
the organs necessary for a polyp, take in the food and reproduce themselves. The 
other less perfect brethren, callcil zooids, althoufjh more or less resembling these, 
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have rcniainod at a lower stage of «lev(‘lopme]it, are smaller, nml have neither 
tentiicles nor reproductive organa Th<\se zooids appear to perfoi'in only one 
function, namely, to pump water through the body of th(‘ stock. In this important 
work the higher individuals no doubt assist, as ind(‘ed in most alcyonid-stocks 
they alone must do the woi-k, there being no sucli specialised pumping- polyps. 

In addition to the small, isolated calcareous particles already mentioned 
within the bodies of the individual poh^ps, sea-pens have a further support in the 
form of a c^ilcificd an<l often flexible axis, entirely concealerl in the stock and 
pointed at the two ends. The accompanying illustration reprcriMits PtevoidvH 
ft^rinom, in which th(i polyp-bearing leaves are su]>ported 
by a number of calcareous j'ays wdiich pix)jret at tho -t 

edges as spines. 

The best known of the sea-pens is the ])hosphor(‘scent A, 

Pennafida of tho ]\f<‘<literranean and tho 

Atlantic. In this form the capacity f<*r giving light is A 

not possess(Ml by th(^ whoh* surface of tho stock, but 

only by eight band-like organs on the ])o]yps themselves, ^ 

the upper ends of which surround tla^ mouth like ' wKl / 

papilhe, wdiile th(‘ir lower parts run down over the . 1® / 

stomach. Thes(^ bands are tilksl wdth eeds containing 

fatty spherules, to which the phosphoi*(‘seence is con- 

fined. The fact that tlu'so luminous bodies hav(‘. been 

found in all ])arts of th(‘. sbxik is explained by tho jUU 

liability of tin; bands to 1 m‘ injured, th(^ least pre^ssnre 

(Miusiug their conbmts to escape. Specimens which have /M 

been roughly tn^ited when captured and ha\ e strongly j|j j| 

contracted, as also those which have been ke))t for any 0 ^ 

length of time in small vessels an<l have In^come dropsical, / . " " ^ 

are incapable of ffivinf; 'riu- pinaion.e.u.u i.s only ^ 

observ’od in freshlv-caught an<l littlo-<listui’bed animals (] n:it. si/A'). 

Verj- Hlight in-itation, such as is pitsluced by ta)i[)in;j on ,/, a i.oijii (somcwiiiit imiKiiifiiii). 
the of aipiarinni, is enoujfh to call forib Hashes. 

If the animal is taken in the hand, cither in or out of water, still briffhter Inminous 
HiX)ts and streaks an> seen, llepeated ctireful experiments havtf reveale<| tie; fact that 
the streams of lif^ht follow rejcnlar couise.s. Tlieic an* two kinds of streams; the 
one connected Avitli the p)lyps proper, and visible on (be dorsal side of the baitliers, 
and the other connected with the zocads. an<l appt on the lower side. The 

two streams appear at the same time, as a rule, hni . it her the one or the other 
may, without any apparent reason, aiise indeia-ndently. It ean he shown that the 
direction taken by the streams depends on the jiart to ^\lliell irritation is applie<L 

The higher forms of the sea-pens, or those which actually i-e.seiuhle feathers, are 
not found in deep watei-, none*, la'in.' recofled to exist below six liundred fathoms. 
Deep-sea forms have, however, h»!eu found; these Ixdng relat.-d to Umhdlula 
groadandica, which has long laf.en w.dl known. As early as the middle of last 
century, when the presence of animal life at great depths was cpiitc unknown, two 
specimens were brought up from a depth of two hundred and forty fathoms, 
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A HHA-i’K\, Pfrroitfes spinosa 
(] n.Tt. si/f). 

, A I'ulyi* (soiiH wliat 
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rmhellala thomsoiii (imt. size). 



sixty miles from the coast of Greenland. The polyp-stocks consisted of a long, 
thin stem, ending in a bundle of polyps. The larger specimen was two yards long. 

These two 
specimens, soon 
after being 
described, were 
lost, but a very 
similar form 
( IT. thomsoni) 
was obtained 
during the 
Challenger ex- 
pedition ; and 
other species liave been 
discovered in various lati- 
tudes, at great depths. 

Two were found between 
Portugal and Madeira, at 
two thousand one hundred 
and twenty fathoms, while 
U. lepiocavlia was taken in 
the Indian Ocean, some two 
thousand five hundred 
fathoms below the surface. 

The accompanying illustm- 
tion shows a sjxjcics {U. 
encriniis) from the noitheru 
seas. 

Another family of 
eight -rayed corals is that 
of the sea -fans, or Govgo- 
iiiuhe, of which the beauti- 
ful, homy, tree, and bush- 
like gmwths give no idea of the living coral. In 
order to gain an idea of the latter, we must picture 
these trees thickly covered with beautiful eight-rayed 
anemones. As in the case of ordinary corals, the 
polyps secrete the homy branches l)eneath their bases, 
and on these they’^ rise in gracefully branching colonies. 

All the sea-fans are attached, and branch in the most 
various ways, some in all directions, others only in one 
plane : in some cases simple branches run out at an 
angle or spirally, forming fans or nets, etc. In most, 
the axis is homy and flexible, and they might be 
called horny corals, but single calcareous particles are 
enclosed in the axis, and its soft covering is crowded 



UmbeUuia encrinus (nat i 









A SKA-FAN {aunjoilio rcfrinmn), with a SHAUK’8 KHO FIXEP Tf) ITS UUANCHKS (iiat. hizc). 

appendages. The soft covering of tliis Gonpvia is wliite. Tliose unimais occupy 
no very important place in the economy of nature ; hut sevcsul gastropods s<s:m to 
attack the polyps, and brittle-stars climb up the branches in search of fcxKl. , A 
beautiful form is Isidicjoryia, resembling a corkscrew with a long spiral. It sends 
off at right angles to the principal axis, and at short inter\'als, delicate branches. 
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so that the whole structure looks like a spiral staircase constructed of fine cord. 
The accompanying illustration shows an allied form {Streptocaulwi) of the family 

(Jhri/sof/orgonlifkii, as yet found only in the W(‘Mteni 

- Atlantic. The simple', or branched c(»lonioH are as thin 

" as horsehair, and the delicate axis has a golden sheen, 
^ - with a beautiful display of colours. 

genus Ids, the stock oC which is partly homy 
and partly purely calcareous, foi*ms a transition between 
the above and the red coral {Conillhim rubriun). In 
' - ^ - ^ the latter the axis is calcareous, and built of numerous 
' - ~ fine layers, the microscopic structure of which is so 

' " definite that a connoisseur can detect false from real 

- ~ coral. The fresh axis is covered with fine longitudinal 

- fun*ows, in which run the deepest of the canals connect- 

-=-- - E with oiu'. another. Th(‘, stocks, as a ]*ule, 

^ consist either purely of mahi or purely of female in- 
-r J dividuals, although occasionally tin*, two sexes ai*e found 

Zjk i on one and the same stock, and (wen individual polyps 

1 which arc both male and female sometimes occur. In 
r/i' .. : 1 the illustration, a slightly magnifie<l branch of a stock 

7 - ] iH represented, with several retracted polyps and two 

i-;: - " open. In the uppen* (^xpos(Ml calyx (o), eggs are seen, 

r “ - - - while the lower (/) contains a large inahi vesicle, and at 

[; ^ its side an egg (n). After hatching, the ciliated larvtn 

I . - : leave the egg while still within tlu‘ cliamb(‘red cavity of 

. I - their parent (/?). Two of th(‘ long worm-lik(i larvm (/, 7) 

f can be seen in the illustration through the delicate body- 

f - - _ wall of a polyp whose baitacles are i*etract(Ml, and othei’s 

J I visible in a cell which has been cut open. In the 

ff uppermost cell a larva (o) is seen in the act of passing 

I ^ out through the mouth (/>). Tla^ ihmI coral is found only in 

I tlu^ Mediterranean and Adriatic seas; the most noted coral- 

I = fisheries k'ing carried on off tlie Algei-ian and Tunisian 

[ 1 coasts, at depths of forty to one hundri'd fathoms. The 

_ _ 1 coral obtained in these fisheries varies grc^atly in value. 

V The price of the broken pieces, often perforated by worms 

--- " ^ V and8}X)nges, is from five to twenty francs the kilogramme 

(2 lbs.); good coral fetchesfrom forty-five to seventy francs, 
while choice thick coral, especially the rosy red kind, is 
- ^ bought at from four hundred to five hundred francs the 

• - ’ kilogramme. Such jiieces as are black, either superficially 

c'oKKscuiiw »K\~yA^,S(rcjitoc(itth(s QY throughout tlicir whole thickness, are sold separately 

pulche rrimius iuiii. am^). . - a ^ 1 a * i *1 ii 

at from twelve to nl teen francs the kilogramme ; tlurse are 

not of a different species, but,having long ln'en covered with inud,have changed colour 

as a result of chemical changes. The coral is made into ai-ticles of ornament both 

in Paris and Marseilles, but the chief industries are in Naples, Leghorn, and Genoa. 
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We conclude our dc'scription of these ei^dit-i’aj’eil corals with the or^an-j)ipo 
corals {Tahiporklai), a family consisting of the one genus 2 \tblpora. the nieiiibe]*s 


of which arc neither numerous nor varied. 
The individuals resemble in form, in the 
numlx^r of their delicate tentacles and in 
their soft anterior body, the other living 
members of the order. In the structure of 
their skeleton they are, however, uiucpie 
among extant corals, and recall certain 
extinct forms. Each individual s(‘eretes 
a smooth-walled tulxs witliout calcification 
of the vertical septa. These tulK‘S, which, 
like the jaiJes of an o]*gaii, slan*! almost 
parallt‘l, are unit(‘(l to foi*m a stock by 
nu‘ans of ti*ansvers(‘ ])latforms. These 
latter do not, however, con*es]K>nd with 



Uhl) eowAi,. 


I, I’lirt of li swk Avilli retnictfd polyps, two luivo 
(injitfiiilifil) ; /{, AV'tli polyps moro 
or Ifss i'xIimkIimI ; a inrvji (f') sn-ii in Uir net of 
eiiieiKixg tliroiigli tin* nioiiili of tin* iipi»fnno8t 
polyp. 



<iin.AN rii'i: Tuhlpoiu huxU si/r). 



sTiMUTna: oi- oi!(:an'-fii’k ((Hjai.. 

ttf Starting ]»oints f)f iirw iuilividiials 
(nat. M/f.) 


Jir inner transverse ] parti- 
tions (/o/o/Ae), ])y mraiis ol 
which tin: upp(;r living part 


of till! tulm is from tim'-! to tiiim cut otl’ Ir'.m t)i<‘ dwiil pm-t below. Tin- 
transvei'Hi3 platforms arc neither rcfjularly juniillel uur coiitiiiuons , jie.veitlie- 
lc.ss they do iiidicak! in a {Teiieral way .stafjes of ;r'‘'Wtli 'J’hey are very richly 
provided with nutritive canals, and are of special iiin-m-taiice foi' the whole stock, 
inasmuch as the jamufj iiidividnals huil out irom their siirlaces. As the loiij'er 
tul)e.s grow, the intervals between them increa.se, and as .soon as tlmre is room 
enough for a new l^lyp, one buds out from the iilatform. Division of the 
individuals or formatioii of buds fnmi the tuljes theiiiselvi s does not taki! ])lace in 


this family. i ,1 • 

Ooral-Eeefs Having described a few typical corals, and ex))lanied tlieir 

and Ulands. general structure and chai’actei-s, some mention must Isi made of the 
importance of* these creatures in the economy of nature. Whereas most forms of 
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animal life, in passing at death into their elementary constituents, leave no visible 
traces of their existence, the corals, or at least the numerous reef-making forms, 
build monuments which last for hundreds of thousands of years, and may be 
said to attain their greatest importance in the influence they exercise upon the 
life and development of the human race. Professor Haeckel has described the 
magical effect of a first siglit of a shallow coral-reef, enjoyed by liim on the coasts 
of the Red Sea, where a long bank of coral runs parallel to the shore. The 
waves break upon these barrier-reefs, the uneven edges of which lie just below 
the surface of the water, and their position is tlius cleai'ly marked by tlie line of 
surf produced. The outer side of the reef, which is exposed to the full force of 
the waves, descends steeply, but the inner side, washed by comparatively quiet 
water, slopes gently down ; the canal formed between the reef and the coast Ixdng 
as a rule so shallow and calm that the full splendour of the garden of corals at 
its bottom can be seen through the limpid water. 

All reef-forming corals inhabit waters which in winter do not sink Mow 
a temperature of 08'’ R, the maximum summer heat in the Pacific Ocean 
being 86®. Two lines to the north and the south of the Equator, whicli would 
connect points where the winter- temperature does not sink below 08'’, waving 
in and out according to th(i currents, wouhl enclose the zone of the reef-forming 
corals. Most of the stock - forming corals described above live exclusively 
witliin these limits of temperature, a fact that explains th(.‘ir rare occun'tmee in 
the Mediterranean, which is so favourable to other forms of animal life. The 
richest coral regions lie in the middle hottest zone, that is bi‘tween 15" and 18® 
north and south of the Equator, where the temperature (1 (H‘s not fall below 
72® F. The Fiji Islands fall within this region, and ])ossess r(‘efs (ixtraoixlinarily 
rich in corals. The star-corals an<l brain-corals tliere r(‘ach their greatest develop- 
ment, while the madrej.)ores are found as bushes, cups, or leaves, the latter oftem 
attjiining a breadth of over six feet. In the Sandwich Islands, wliich lie outside 
of the liottest zone, the corals are less luxuriant and vai-ied. Hie genera of corals 
found in the Indian Ocean and the Red Sea, as w^ell as on the coast of Zanzibar, 
are essentially the same as those in the Pacific. The corals of the Gulf of Panama, 
although not in the hottest zone, have the character of the I’acific corals, and are 
diflerent from those of the West Indies. 

When the two Fostem and Cook discovered the coral islands of the South 
Sea, they were of opinion that the minute creatures to which these owe their 
origin began to build at unfathomable depths, gradually bringing their structures 
up to the surface of the water. They thus thought that the same species were 
able to live at diflerent depths. Recent researches have disproved this ; and we 
now know that although many diflerent animals live at enormous depths, all 
such ai*e specially adapted to the conditions of life at those depths. Animals 
adapted to life at a great depth cannot exist at the surface. The number of 
deep-sea polyps is small, and among them there are no species forming reefs ; 
and authorities are now agreed that reef-buihling corals can only liv(i at nuxlemte 
depths and within certain latitudes. One of the principal re(]uireinents is pure 
sea-water, some species flourishing in the canals between the reefs and in the 
eliallower water of the lagoons, whereas others require the open sea. Corals 
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never flourish in impure water or on sandy or muddy coasts. Tlioy are not 
found at the mouths of rivers nor in excessively sjilt water ; abnonnal heating’ 
of the w’ater of the lagoons also may cause their death. I'lie dead j)oi*t.ion of the 
stocks, and also, at times, that part which contains the living animals, suft*er 
continually from the fiction of boring-worms and molluscs, while the In^ring- 
sponges cause still worse injuries. In addition to tlu'se foes, which tvinnel 
through and help to disintegrate the skeleton of t.ho ctirnl-stocks, oilier enemies 
prey on the living polyps. These latter are richly provide I witli stingi:»g-cells ; 
and an unwary fish touching one with its lip is sure to stung. Nevertheless, 
the greediest devourers of corals are C(‘rtain lish which have iiccpiired horny 
beaks like those of a pai*rot. These pairot-flsh Uv(‘ by irowsing on the living 
flowers of the coral-garden, having jaws which arci unkmcb. d by their stings. 

Certain tube-dwelling worn“< and cirri])ed(‘s ( Ikiltt n on tla^ other hand, 
penetrate the living coral without injuring it. They attach tlu‘mM(dv(‘s to the 
surface of a coral-stock on leaving the larval condition, and gradually become 
embedded in the growing stock. Some also grow with th(‘ stock, 

tlieir tubes reaching far into it,, and their elegant crown of gills, wlnai unfoldtHl, 
adding to its b(*.auty 

The rate of growth of various corals has betai investigated by Dana and 
othera Although Darwin doubts the statement that tin* copjHU* plating of a ship 
in the Persian (lulf was covered in twenty months with a ci'ust of coral two 
feet thick, the rapidity of tluur growth is lativcMl by otlujr obs(‘rvations. As 
early as 1830 Allen sjxnk a numlxT of picrxss of coral in tluj month of Deeemb(‘r 
on a bank about a yard Ixdow the surface* of the watei* on th(^ coast of MadagJiscar, 
and found, the n(*xt July, that th(;y had almost n^aclasl the surface and had 
attached theiiiselv(‘s firmly. In Hayti a growth of thr(‘e to fhe? incht*s luis 
been oliserved in three; months. A stock of labyrinthine brain-coral was 
found to increase 111 inches in <liameter, and 4 inch(;s in height in tW(;nty 
years. On a ship, wrecked in 1792 and discovered in 1857, a ma<ln*poi*e was 
found which had reached a height of sixteen b i^t, /.e., had grown on an avei*age. 
three inches yearly, when;as massive coi’al-stocks in its neighlxmrhood showed 
slowei* growth. 

The foregoing facts as t<j the life of tli^ corals th(*ms(;lves sirdv into 
insignificance in comparison with the results of lln ir mode of life in tin; formation 
of coral-reefs and islands. 

Coral-reefs are banks of coral-rock in tin along the. coasts of ti’ojiical 
countries. At high tid<; the r(‘efs are usually undt r water, but at low tide are 
visible as wide, flat, naked expanses of rock, just al>ove the levc^l of the watm*, in 
marked contrast to the pr(;cipitous coasts of the islands they surround. At high 
tide the only sign of the presence of a reef is a line of bn‘ak(u*s, which often ext<;nds 
for many miles at a distance from the land, a retreating wave only occasiojially 
revealing a small portion of tin; rock. A small island may lx; surrounded by such 
a reef, the ann(;xed illustration showing a typical tropical island thus encircled. 
On the right sid(; the reef forms a girdle stretching round the coast, and appears 
like a continuation of the land. This fringing-reef is also found on the left side, 
but beyond it, separated by a channel, is the barrier-reef. At one point the land 
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is seen to dip down precipitously into deep water, and here, on account of the 
depth of water, the reef is wanting. The barrier-reef also is broken througli at 
one point, forming the entrance to a harbour, such as is often found in reef- 
surrounded islands. Many islands are bordered by a reef which protects the 
land from the sea like a mole. The barrier-reef may occiisionally be ten or fifteen 
miles from land, and enclose several high islands. Various forms of reefs are 
found between the two extremes presented by such a barrier-reef and the simple 
fringing-n^ef. 

l^he channel within thci reef at low tide is sometimes hardly deep enough for 
navigation, or else it is blocked by masses of coral which render its passage 
dangerous. At other times a reef encloses miles of open water, ten, twenty, or 
forty fathoms deep, but not free from hidden sources of danger; mass()s of living 
coral, from a few scpiare feet to several scpiare miles in extent, rising from the 
bottom. ]n the Fijis all these kinds of channel formations occui*. 

The (ixtent of the reefs, which include scattered banks and masses far below 
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the surface of the water, varies greatly. On some coasts there are merely 
sciitt(?red grou])s or mounds of coral-rock, the tips of which project as rocks; 
while, on the other hand, to the west of the Fijis there is an area eoven^d with 
reef of about three thousand S(|uare miles. Otlier reefs are one liundre.d or one 
hundri‘d and lifty miles long, and the Australian baj-rier-rei‘f attains a lengtli of 
one thousand two hundred and fifty miles. 

Passing from such a tropical island girt with coral-reefs, we come to what is 
more especially kiK)wn as a coral-island proper, or atoll, which may be described as 
the encircling reid* without any island to encircle. It surrounds a calm lake of 
blue water, in sticking contrast to the restless ocean outside the solid circle. The 
ring of solid i*eef in this case is usually only one hundred to two hundred yards 
broad, anti at some parts so low that the waves bi'cak over it into the lagoon. At 
other parts it is covertnl with ti’opical vegetation, but it rarely rises more than 
thj'oe to four yards above high-water mark. 8et*n in the distance from a ship, a 
coral island looks like a row of dark ])oints, which are the tops of the cocoanut- 
trees fii’st seen al>ove tlu* horizon. On nearer approach, the lagoon with its green 
lK)rder is a wondiu-fully beautiful sight. Outside of the n*ef is the heavy surf, and 
within the white coral sti’and, the thick band of verdure, and the enclosed lake witli 
its minute islands. In colour, the water of the lagoon, where it is deep (ten to 
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twelve fathoms), matches the blue of the surrouiidin^ ocean, but delicate apple- 
greon and yellow tints iningK? with tiu* blue wherever the sand or coral-rocks 
approach the surface. Although the girdle of ri*ef covi?i*ed with vegi'tation 
occasionally surrounds the lagoon, it is more often broken up into a ring of 
sepamte islets of ^'arious sizes ; ]>etwe(m some of which navigable cliannels are 
found, giving admittance to the lagoon. 

The submarine fields of living coral s])ivad along the coasts of the islands and 
the mainland. Just as the accumulated i*einains of the primitive foiests add layer 
after layer to the soil, so tlai coral-reefs arc added to by the breaking down of ol<l 
corals, by the, shells of bivalves and of other organisms. These fj^agnuMits kei‘j) tiding 
up the s])aci‘s between the separate living stocks, so that ti?e level of the reef is 
constantly rising towards the surface. The currents and waves also tak(‘ pait in 
the building uj) of tin* ]*(‘ef. Mas.v‘s ol coral of all sizes, from great bouKlei's to 
minute sand grains are broken oft' by the waves, and are cast uj)on the rt‘efs, and 
then rolled about until quantities of line deti itns are produc(‘d, whieli, as calcareous 



mud, serves as a cement to biiul tla^ larger blocks tog(dhei’. A constant ])roc(‘Ss of 
destruction goes on ; some of th(‘ detritus b<*ing \vash(‘d ov(M‘ the. r(*ei‘ into the lagoon 
Ol- canal, and sons* filling the spaces between the corals along the (‘dg(‘ of the reef, 
while tin* rt‘si remains ujjon the sui-iac(j. 

The layer of <Iead coral-rock forming tin- foundation of ihit i-<*cf is iKudered 
by living coral. Whih‘ this living coral is always oxtending the reef liorizontally, 
the waves are piling u]) tlie dt^ad massifs vt-rticailv', till they rise above the suriaco. 
of the water. Thus dry laial ]>egins t<j form, an<i by dcgr(?es islands arise wa*!! out 
of the n‘ach of the w-av«‘s. Tlie <jceau is thus tie builder of the coral-island as it 
appt-ars abov(i tin- w%‘ives, the material having been supplied in the tii*st place by 
the coral-animals. The moment tin- island is above water, plant sec-ds i-each it from 
distant lands, and ere long cover it wdth vegi-tation. Jdie accoTnj)anying s(-ction 
of a coral-ri;ef show's Die .sloi)e of tlie reef, both tow^avds the lagoon (jn the 
rigid and tin- oju-n ocean on the left. At h~r. is the steep slop(j fj-om shallow 
water to tln^ land level on the outer side, ainl at the gradual slope on tin- 
inner side. The latter slope, is tln*u continued at. almost the sanni angh- (e-//), 
the quiet w'ater not tlisturbing the slow accumulation and growth of tlie lagoon or 
canal shore. On the outer side of the reef, however, a broad terrace (a-6), succeeds 
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the steep slope, and surrounds the land which has risen above the sea, this terrace 
being exposed at low tide. 

We have still to mention some of the causes of modification in the form and 
growth of the coral-reefs. The presence of harbours in reefs and atolls can, as a 
rule, be traced to the tides and to local ocean currents. There is generally an 
outflow through the canals and openings in the reefs. This is apparently duo to 
the fact that water is constantly being thrown by the larger waves over the lower 
portions of the reef into the canal or lagoon, and seeks either to escape as an under- 
current in opposition to the flood-tide, or else strengthens the ebb-tide. These and 
other similar disturbances of the water in the canals bring with them much coral 
detritus, and render the bottom altogether unsuitable for the growth of corals. 
Where such currents are strong, they keep the canals clean and open. The action 
of tlie oceanic currents is often increased by the fresh waters coming from the 
central islands, and harlxnirs are therefore very often found at the mouths of 
valleys and of their small streams. The influence of the fresh water itself on the 
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corals is not so great as is usually assumed, chiefly because it, being lighter than 
salt water, flows away on the surface of the latter and hardly touches the animals 
which grow below the surface. 

The form of the reef is again largely influenced by the form and constitution 
of the sea-bottom. Where deep submarine fissures occur, dipping down below the 
level at which the corals flourish, no reef can bo foi’iried, as also in places where 
firm ground alternates with sand and mud. All iiTcgularities in the outline of a 
reef or an atoll, and the formation of harbours in coral islands, can thus be simply 
explained. 

The most impoi’tant point which needs elucidation is why some I’ocfs encircle 
islands as a fringe extending from the shore, while othei’s run parallel with the 
land, no longer touching it ; others, again, forming circular lagoons with no island at 
all in the middle. This was the question which puzzled the firat discoverers of 
reefs, and at one time it was supposed that instinct guided the animals in giving 
their structun*s the form best suited to withstand the force of the waves. Accord- 
ing to another hypothesis, put forth by Steflen in 1822 , the reefs represent the 
summits of volcanic mountains, the crater being filled by the lagoon, while the 
channels through the reef indicate the points at which the edge of the crater was 
destroyed by outbursts of lava. This superficially plausible view was disposed of 
by Darwin thirty years ago. He argued that the volcanic cone thus assumed must 
either once have stood upon dry land and then have been submerged, or else must 
have been formed beneath tlui sea. In the former case, the crater would in almost 
all crises have been destmyed during the gradual sinking ; while the formation of 
craters by submarine eruptions and their subsequent elevation is hardly conceivable. 
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This hj^thesia further requires the iiaauinption that immense numbers of volcanoes 
must liave arisen over a limited area, and a still more improbable supposition, that 
all these volcanoes rose to almost the same level, seeing that the coral animals 
occur only within a depth of about twenty fathoms. Craters nearly hfty miles in 
diameter must be assumed to have existed, and others of twenty to twenty-live miles 
must have been frequent. For these and other reasons, the volcanic origin of coral- 
reefs was rejected. It is obvious also that the same objections disjKwe of another 
hypothesis, namely, that nonvc^lcanic summits and banks of e.|Ual lu ight were the 
foundations on which corals built. 

Darwin belii‘V(‘d that all forms of reef arise by the gradual sinking of the 
land they surround. This theory has been et>ntirnied in all essential ]>oints by 
Dana, and recently by La!ig(‘nlM‘ck. Other authorities hav , however, differed. 

The condition of the retd's attached to the Fiji Islands illustrates Darwins 
theory of subsidence. The Goro Retd* lies close to the land along whtjst* submarine 
coast it grt)ws. I^he Ango rtnd' is of the same nature, but lies fui*ther from 
the land, having a channtd betwet^n it and the slu)ri‘, anti ft)rms what is called 
a barrier-reef, which name tlt‘noti\s mtji'tdy tlifftTi^nce of position, not of kind, 
'^riie bari'ier-retd t)f the islantl of Naimkii enck)st‘s a hirgt‘ strt‘tch of st^a, the 
islands within it being nothing else than the rt)cky summit of a mountain. 
Darwin’s theoiy gives an explanation of thest‘ tlifi*en»nct‘s. If, for example, the 
islantl of Ango wen^ very gradually to sink, twt) things woultl haj>pen, — thtj ishintl 
woultl tlisappear little by little, while tlui rt‘td‘ would remain at tlu^ surface of iht^ 
water, that is, so long as the land did not sink fasttu* than tlu^ corals couhl build. 
When the subsidence*, had gtme so far that tuily the last mountain summit remained 
above water, tht* condition ftmntl in the island of Nanuku would be realisetl. 
Instances are also found in the Fiji islantls of tin? intermediate stages, where only 
a single mountain ridge and a few isolated })(*aks remain aljovc*. water. 

It is a known fact that largii countries, such as Sweden and Greenland, arc* in 
the act of sinking, and we also have din;ct proofs that reefs and their islands hav(‘, 
subsided. The d(^])tli of a rcjef, although not <lirectly measurable, can Ixj a])pi*oxi- 
mately estimated, and must in many cases bc^ at least three hundred yards. Since^ 
the living portion of a coral-reef cannot reach more* than eighteen to twenty fathoms, 
such a depth of reef can only be explained by the sinking of the land on which it 
stands. If, instc^ml of sinking, the land rises, the i-ecd would be liftcid out (d wat»*r ; 
raised reefs three hundred fc.*et high being known. This enormous thickness ol rcMjf 
can hardly Ix) explained without a previous subsi<lence, inasmuch as such a height 
is greater than the knowm depth at which corals can live. ^J'he assumption that 
many reefs are the consequence of simple subsidence thus appeal’s highly 
probable. 

The accompanying diagrammatic .section (p. 524) through an islan<l and its r(‘ef 
illustrates the action of gradual subsidence. Thc^ island at the w’ater-line (/) has a 
simple fringing-recd' (//), a narrow rocky terrace at the level of the water , which 
first dijscends very gra<Iually and then more steeply. Supjxjsing the island to sink 
to the It'Vel (//)> ^'diat would happen f While the land has sunk, the reel has I’isen, 
and there is a fringing-reef (/) and a barrier reef (/;), wdth a narrow channel (a ) 
between them. A further subsidence to level (lU) greatly increases the width of 
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tlic channel (e"). On the one side (/^), the f ringing-reef is retained, while on the other 
it has disappeared, a fact due to currents and other such agencies. Finally, when 
the water is at the level {IV), two rocky islands are visible in a large lagoon 
surrounded by the reef Q/" b'"), with two small reef -islands i'") developed on 
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mountain-peaks which have disappeared below the surface. The coral-rock has 
greatly increased in thickness, and almost entirely covers the former island. 

Such an ideal section corresponds exactly with the reality. In the following 
illustration the outline of the island of Aiva, one of the Fiji group, is given. In 
the lagoon there arc two islands resembling the summits of mountains, just as in 
the diagram. The exact altitudes and depths are unfortunately not known, but it 
will be seen how well the theory of subsidence appears to explain the conditions. 

The chief objections which have been made to this theory of subsidence are 
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tluj following. The simultaneous occurrence of atolls, bari-ier-reefs, and fringing- 
reefs in neighbouring ri'gions does not coincide with the theory, nor does the 
appearance of atolls and barrier-reefs in regions in which recent elevation of the 
land has been proved. The discovery of extimsive submarine banks of sediment 
formed of the calcareous portions of foraminifera, <leep-sea corals, molluscs, etc., 
makes it possible to exjilain the formation of atolls and barrier-reefs without the 
help of subsidtaice, this explanation being more probable than that involving the 
sinking of extensive areas of laud. The formation of atolls can be explained by 



CORALS. 


525 


the better ^owtli of the corals on the outer e<l^cs of tlio reef whicli are most 
expos(Ml to tlie action of tlie suj f, ami the sweeping of the coral material out of the 
lagoon through the a^eney of oet'anie eurrt*iits, aial tlu* dissolving action of the 
carbonic acid contained in ilie ,s(‘a water. The dei'p canals which divide the 
barricj’-reefs from the m‘i^hl)ouring mainland ari^ foi'ined in th(^ mmr way. The 
enormous magnitude of the reefs which the theory of subsidence demands is 
nowhci-e realised. N(‘itlu;r amoiif^ modem reefs nor amon^ jj^eolo^ieal formations 
<lo we find any traces of such gigantic masses of coral-rock. We are thus in 
face of a faseinatin<:^ and impoi-tant scimitific problem, which still remains to 
be solved, a proldtan which was lon^ thought to have found its solution. After 
Darwin’s and Dana’s subsidence iheoiy had Ik'cu ^ent ally fiji* many years 
accepted as beautiful and coinp!(‘tely satisfactory, iVe ar« told that it is not 
always applicable, and that much simidt r causes suffice to explain the phenomena. 
It is obvious, tluai, tliat we ha\ e an ampl(‘, supjdy of possible explanations of 
coral-r(;(‘.fs, and it is most ])ro])abli‘ lhat amon^ the many scattered rc'efs in tlu‘ 
world, in on(‘- case one s(‘t of fac'tors have pJaye<l the chief part, in another case 
a slij^htly diffen'ut set, and fiirtln*!*, a detailed and (‘xhanstive study of any 
particular reef would probably reveal natural ])rocesses of no sniall im])ortance 
which have not as yet been tak(‘n into account. 

11. AND iM. IJEl^ARl). 
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CHAPTER XV. 

The Sponges, — Subkingdom POBIFEBA. 

diaraeteristlcs. about two thousand species of sponges known, wliich 

range in size from a pin’s head to masses several feet in luiiglit, 
and vary in weight from a grain to over a hundred pounds. They assume an 
endless variety of shapes, such as cups, vases, spheres, tubes, branclied tree-like 
growths, etc., but are often shapeless. When alive, they are of all colours, and 
their consistency may be soft and glutinous, fleshy, leathery, or stony. Tliey are 
found in all seas, and in all depths from the shore margin to several miles deep, 
and certain species occur in fresh waters all over the globe. About tliree hundred 
species have been found round the coasts of Britain. Aristotle was the flrst to 
give a scientific account of sjK)nges. He considered that they were eitlier animals, 
or organisms transitional between plants and animals, and that they poss(^ss(‘d 
sensation, since they shrank when torn from the rocka Ho classified the kinds 
then known, and asserted that the animals often found in the cavities of sponges 
were intruders, and did not make the sponges; further, he distinguisluid the 
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large holes on the surface of cei’tain species troni the small ones, and thought that 
water was sucked in by the former. 

From the time of Aristotle till 1762 little was recorded, but in that year 
Ellis published his observations on the bread-crumb sponge, a British species 
forming fleshy masses or ciiists of a yidlow or greenish hue. This sponge envelops 
the stems of seaweeds, or encrusts rocks and stones ; when growing on seaweeds 
it forms cake-like masses with a level surface, but when encrusting rocks the 
surface is covered with small cones resembling miniature volcanic craters. The 
surface between the craters exhibits a very fine gauze -like pattern; and, by 



C/r^ RJCTERrSTJCS. 


careful inspection, groups of niinuti* pores will bo soon perforaiing ila* meshes. 
The large holes at the summits of the craters are termed osciiles, and tlu^ small 
ones on the g(‘neral surface, pores. Kllis, who put some speeimt‘us in a glass 
vessel of sea wat(*r, wi*ot<‘ tliat “ \V<‘ could i)lainly observe tjiesii little tubi's to 
receive and pass tin ‘ watiT to and fro”; and furtlun-, sp<)ngt‘ is an anin»al 

whose mouths are so many lioli‘S or (aids of l)i*anched tub^ opiaiing on its 
surface; with these it receives its nourislnmait, and by these it dischaig(*s like 
the polyps its excrem<*iit.” Ellis’s obs(‘rva.tions wen* eironeous in important 
point. The water always passes 

out of the large (n*itic(\s, and is ^ 

n(3t passed in liy them. It is j 

true that while the torivait i^ 

gushing out of the ccmtn*, of an 

oscule, tliere is a slight passive I ' 

rotuni curi-eiit at the margin. \ 

Ellis attributiid the curnait to 

the contraction of the walls of " 

the (janals. II found that the 

current continue<l i n the al )scnce ^ 

of any worms or crustaceans in 

the body of tlie sponges. / M 

Our knowlodf;,, of .sponj^os 
really begins in 1825 with Uk; 

observations of ( irant, wlio ex- {Q'K^ ({/'/ 

aniinod a fragment of a living 

branch of a braiicbing-sponge. '' M- " ^ 


iii 








(• 


mm. 




On bringing oiui of tlu^ large 

apertures cm tb»i side of tli<‘ \ 

branch fully into view, he 

behcdd this living fountain ' 3 

vomiting forth from a circular 

cavity a torrent of li(|uid mait(‘r, ^ 

and hurling along in rapid (f, FLAGEr.LATEi)f H\M»>n{OKnuEAi)-rTn:Mn srf>N(;K, smowimjcoi.lak. 
succession opmpK* masses, wliicJi - An.-r Vok.,,.-.,-. 

it strewed everywhere; around. 

After many expeaiiiients, (irant convinct*d liim.s. if (hat a eurnait 11 ow(mI out oF 
all the large orifices, and not into om; ami out of aiiothei-. He also nibbed 
powdered chalk on the* surface of a bivad-cruinb sjM.nges and saw particles which 
clogged the margins of the minute i)ort;s on tin; surface drivtm into the interior; 
and thereby deinonstrateel the pas.sag(; of currents into the* inb-rior through 
the pores. The origin of the; .sponge- fountains was now traced. In all sponges 
cun-ents of water jiass into tin; >K)dy through pores, and out again by om* or 
more ways different from those by which they ent(;red. To ascertain the. cause 
of the currents, it is necessary to examine the anatomy of the sponge. A thin 
skin, which can be peele<l off, is separated from the bexly by numerous minuto 
supimrting pillars. On cutting into the sponge, large canals are seen passing down 
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from the oscules and brandling into the body, and nmdi narrower canals from 
the groujis of pores in the skin. The channels from the pores divide up into 
minute lacunar spaces, or canaliculi, which finally communicate with the interior 
of small, sj)herical, flag(‘llatcid chambers, whose walls are perforattvl by pores. 
Each oF tlie chambers is the five-hundredth of an indi in diameter, and groups 
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of them open each by one wide orifice into a common space, or canaliculus, which 
joins with others to form canals terminating in large oscular canals. 

The walls of the canals are lined with flat-cells, but in the flagellated 
chambers the lining cells are more or less cylindrical, and each is -provided at its 
free end with a whip-like appendage, or flagellum ; and, further, the upper margin 
is expanded into a thin hyaline collar, so that the whip appears to rise from 
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the centre of a basin or funnel. The currents of water tra\'ei'sin^ the body of 
the sponge are kept up by the movements of the flagella of the collar-cells. The 
flagella btmt the water in the flagt'llated cliambers into tlie rootlets of the canals 
leading to the oscules. To replace this, water flows into the flagellated chambers 
from the rootlets of the canals passing down from the groups of pores in the 
skin. The currents entering the sponge bring in oxygenated sea-water, and 
minute food particles such as diatoms, infusoria, (‘tc ; the currents from the 
oscules contiiiii an excess of carbonic acid, of waste proiluct ^ resulting fn.m vital 
activity, and indigestible remains. The cells lining the cai.als eflect the exchange 
of gases, and take up food-particles. 

At present, too little is known as to tlie physiology o. digesi-ion in spnng(‘s, 
to permit of any deflnite statianents being made, in si'n.,-, sponges, which hav(‘ 
been fed with carmine granules end then killed, the collar-cells havts been found 
loaded with granules; in others, again, the flat cells lining tli(‘ siibdermal cavities 
have been found gorgi'd with tht‘ carmine. A terminal cluster of flagellated 
chambers in the. br(‘ad-erumb s])ong<* may be coinjiared to a hollow mulberry, 
reduced to its skin but retaining its sliape ; each swrlling represents one 
flagellated chamber, opening by one wide oriflee into the common central space 
which is contiriue<l into the stalk. A grapi‘-like cluster of mulberries would 
convey some id(‘a of the arrangeiiumt of thi' canals, in \vhieh tlu*. liollow main 
stem the terminal oscular canal. Further, each swelling on the surface 

of the mulberry is pi Tf orated by several round ])()n‘s, termed prosffpjjlatt (en- 
trances). Another call on the. naidia-’s imagination must now be made. The 
openings of the infoldings on the. surface are cIosimI over by a membram^ 
perforated by jiori's. Suppose the mulberry clusti'r to 1)(‘ immersed uj) to its stalk 
into a skin-bag of jidly, and the skin to be, tucked in and folded m as to form 
channels or canals branching and diminishing in size, till th(‘y abut on to tlu^ 
surface of th(^ mulbeiTies. Again, sujipose tlie. bag to be immersed in water wdiich, 
by some means, is made, to enter the w^alls of the bag and come out at the stalk. 
The current will pass from tlii^ pores in tiu* skin, then along the channels till it 
reaches the pores or prosopyles on the surface of the mulbeiTies, through wdiich 
it i^asscs, and 2)r(;ceeds to the stalks and main stem, ddie system of canals from 
the skin pores to the [irosopyles is termed irii:uri*ent, and that from the cavities 
of the. mulberries to the orifice at the toj) of the stem out-current, dliis stj‘ueture 
is showm in the illustration, but the. representation is extremely diagrammatic. 
In a thin section of J/(fl irhovflria one sees a labyrinth of in-and-out-current 
canals and sfiaces togetluT wdtli small flagidlated chambers; of the latter, often 
only one or two open into an out-current siiace or nxdhit. 

The jelly mass, wdiich in the model sujijiorts tie* hollow mulbeny cluster and 
the channels from the outer skin, would of itself form an ineflicient suj)])ort, so wm* 
must add to it a scaffolding of rods and bars or tougli laa'iiy fibres ; the common 
bath-sponge skeleton, and the. skidiiton of the Venus’ flower-basket are the horny 
and flinty scaffoldings supporting the soft tissues tog(‘ther w ith tlH‘, flagidlab^d 
chambers an<l the channels wdiich lead to and from them in tie; living sponges. 
The fleshy or jelly substance of sponges is tenned mesoderm (miildle layer), 
because it is situated between the collar-cells, which constitute the endoderm 
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(inner layer), and tlie layer of ccUh on the outer surfaee, or ectoderm (outer 
layer). The usually flat cells of the ectoderm are now considered to he 
simply a superficial layer of mesoderm cells, and not to constitute a special 
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separate layer distinct in itself. Whether this be the case oi* not, the terms 
mesoderm and ectodenn may be conveniently retained here. The j^round- 
substance, or mesodenn, contains cells of various kinds, namely, irregularly-shaped 
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cells with slender bi*anchiiig processes, which unite witli those ot* otlier cells to 
loriii a network ; wandering anuelx^id ccdls, j)r()l)al)ly concerned witli digestion, 
ilistrihution of nutriment, and excretion; skeleton-forming cells, which secrete 
lime, or Hint spicuh's, or hm’ny fibres : contractile muscle-cells, possibly nerve- 
cells; and, lastly, male and female reproiluctive cells. The cells with the sleiidn- 
})rocess(*s S(»ci*ete the gelatinous ground-substance, which ma}' be compared lo the 
material forming tlu* umbndla of jelly-fish. 

Tlu‘ varyin^M'oiisistimcy of sponoes, wdiich may be soit, .stony, li‘at]uu*\', horny, 
etc., i’(‘su Its from the amount ami kind of nuderial secreted by cells of the meso<|erm. 
In the Venus’ llowiu'-baskei, these cell architects form lar|.re s])icules of silica, which 
are joined into a trellis. In tin* living bath-sponge, ^rou]»s < f cells con^re^ati' in tlu^ 
^round-substaneis and s(‘(*i*ete a network of cylindrical lib- ^of horny material. In 
calcareous sponges, tb*' NkrleOai i clis form spicul(‘s which nearly always remain 
S(‘parate, and are always lu“iutifully adapted for jnirposes of supjjort. In addition to 
forming a sup])ort, th(‘ sktdcdon si^leules, in many cas(‘s, alfonl a imains of defenci* 
against small iUiimals by fnmiinii; spike s in tin* canals, or on tlH‘ surface ; and, further, 
it is imi)j*obabli‘ that any fish would rejM‘at tlu- experinaait of (‘atin^ a silic(‘ous sjion^i*. 

To i*t‘turn to tlu* bread-crumb s]>on^‘e. A dri(‘d s|)(‘cimen can i‘asily Ix^ 
crumbl(‘d info powdi-r, in which can hr seen nuinm-ous glassy s])icuh;s, point(‘d at 
(‘ach (‘lid, and about an eightieth of an inch in h*n^th. Tlu‘ sj)icul(‘s, which arc 
iinallected by most of tin- sti-on;^ acids are C(unp(.)sed (jf silica, and are allie(l in 
coinjiosition to Hint and ojial. 

Each m‘edl(‘ is niadi* up of conci‘ntric lamina* of silica, d(*p<)sit(‘d round a 1in<^ 
C(‘ntral axial canal containin;:; a thn-ad of oi-;.;;anic niatt(*i*, and (‘ach is foruKMl in 
a (a‘ll of the mesod(‘rm. In this spon^(‘ tla* iu‘(‘dl(‘s art* s(‘pai-at(‘, and scatter(‘d 
Avith scarcely any re^ulai*ity in th(3 ;^round-substance, (‘X(j(‘ptin^ at thci surfaci‘, 
wheiH* bundles of needh*s ai-t* joined }>y tin ir emls to form the ^au/i(‘-like n(*tw()rk. 
In many spiai^'es the lods oi* bumlles of i-od^ form a r(‘;*-ulai- scaffold in;i[. 

As rejjr.-irds IIk* mod(‘s of r(‘i)rod action, both niah*. and femah* 
ReproductioxL . . . . . , . . 

C(‘lls art* fountl in the mesotlerm. t‘ith(‘r in the same or in different 

sp(i(!iiii(‘ns. Tlu* male cells in sponges ^'eiit rally j^ive rise, by division of th(^ 
nucleus, to masses t)f sjtermatozoa, each of tiie latb r jiossessin^ a conical head 
and a lon^ vibratile tail. The ova ajipt ar as lar^e roundtitl cells, which, aftt‘i* 
f(‘rtilisati()n, umler^n* sepnentation or «livisi«ni. first, into two ct‘lls, an<l each of 
these ae^ain intti two. air I st) on, until a ma,— <»!’ ct‘lls i-esults, two kiiels Itein^r 
present, one ftirmin;^ an t)utei* layer co\erin^ (}>• <»tht*i’. The outer layer of tlit* 
now e^^-shap(‘d embryo, exceptinej at the moiow tanl, is composed ot lon^, 
narrow, cylindrical cells, provitletl with cilia; aial the inn(‘r mass is comjjosetl 
of lar^(* granular (x*lls. 'Ihe <*mbryos ajipear as minute oval boditts, about tht^ 
sizt^ of a ])in's h(‘ad. If a breatl- crumb sjionm; bt* cut ojten in tie; autumn, 
tht‘y will be seen as bright yelhov spots in the iMMly-snlistance. I»y keej)in*j[' 
spt*cim(‘ns in a vt‘sst‘1 of watei’. ami examinin;^^ them tiaily, the embryos will 
be observed bein;^ di iveii out of the oscules, and swiiiimine; about with tlie broad 
end forwards. After from twenty - four to forty - «*i^ht liours of indep(‘ndent 
rovinjj existence, an (‘iiibryo fixes itself fiy its broad end, and becoiiuis flattened. 
By a remarkable transformation peculiar to sponj;es, the larj^r^i granular cells of the 
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interior burst out and grow over the outer flagellate layer of cells, and the latter 
become the collar-cells of the adult sponge. A minute sponge with one oscule 
results from the development of the fertilised ovum. An extensive crust with 
numerous oscules may be regarded either as a colony in which each oscule 

represents an individual, or simply as one individual 
in which the growth of the body necessitates the 
formation of new channels for the conveyance of 

are now in a position to answer the (question, 
^0 What is a sponge ? It is obviously a living animal 

I I organism. The next question — the position of 

^ C sponges in the animal kingdom — is not settled. All 
are now agreed that sponges come somewhere 
between the Protozoa and the rest of the animal 
kingdom, or Metazoa. It is accepted that sponges 
BECTTON OP WALL OP VENUS* FLOWER- caiiiiot be classcd with Protozoa, for the embryo 

BASKET, HIIOWINO SOFT FA UTS. — . pi- p i i 

After F. E. Schulze. consists of definite groups or cells giving rise to 

distinct tissues. Some zoologists class sponges with 
the CdJcntcrata. The opinion here adopted is that sponges fonn a special 
subkingdom — Porifera. 

The bread-crumb sponger has been selected as an example for explaining the 
nature of sjxinges, liecause of the historical facts associated with it, and its 
occurnmee round the British coasts. Its anatomy is, however, somi‘.what com- 
])licated ; but there aro, otlun* simple forms, the study of whose structurcj render's 
it possible to tracts the jiath of <levelopmont along which the more complex forms 
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have proceeded. One of the sim])lest of sponges 
is Aficrtta found on seaweeds 

in the Mediterranean; in its simple unbranched 
condition it forms a minute white sac about a 
twenty -fifth of an inch in height, opening 
above by a wide I’ound oscule, and narrowing 
below to a stalk. The walls an; very thin and 
perforated by pores, through which water 
])asses into the interior. The walls of the sac 
arc composed of two layei*s, an inner lining of 
collar-cells, and an outiu* layer, consisting of a 
gelatinous matrix containing anueboid cells and 
transparent three -rayed spicules of carlxinate 



of lime. A ciinal-system can haivlly be said to 
have arisi'ii since tlu; walls of AsrHfa are thin 
and not folded. I'hi; spicules sujTport the walls 
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..1, Miigiiiticd 20 times; /?, SO times; C, 
Transverse section ; />, C^olliir cells. (Mag- 
iiilied 700 times.) 


jind serve jus ii frjinu;work for the {X)res. By 

eliminating the spicular skeleton, and by supposing tin; tube or vase to be 
more globular, we obtain the “ olynthus - form ” which has been regarded as the 
hypothetical ancestor of all s})onges. A canal-system arises when the walls grow 
thick or form folds or give off pouches or tubes. The folds or pouches may 




CHAJRACTERTSTICS, 


533 


be RO close to one anotlier that the spaces betwetni an<l outside ui them form 
channels, which are incipient in-enrront canals, tlie spac(\s in the inside or lumen 
of the folds formint;^ tla* out-current canal-system. 

The common ciliated syeon, a calcareous spon^(^ found on seawt'ods round tlie 
Ih’itish coast, fonns a whitt' siic about an inch in height, and witli a cj-own o!‘ 
glassy bristles j*ouml tlie orifice. 'J'hc^ V(‘rlical cavity of the sac is surrouiuhMl by a 
wall of closidy packe<l horizontal tulH‘s, openinjr at their inner (mkIs Into tlii' central 
cavity, but externally (*ndin^^ blindly. The central cavity o^* tla* sac is lined with 
llat-cclls, and the radial tul>es with collar-cells; and the walls of the tubes ari' 
|M‘i*forate<l with small pori‘S. ll(‘re the spaces between anti out^il<‘ th(» densely 
j)ack(‘d tubt^s are the in-ciirrent canals. In an ecjually e annum I British sponge, 
(}r((nfi<f, which forms small flat white ba^s, a rudimeoi.iry cortex: covia-s tin* 
outer (aids of the tubes In 'lutujtsls tlu* foi-te.x Ix'comes <|uito thick. In 
mon^ complex stages tlu^ radial tubes branch; and, finally, the collar c(d Is clothe 
only th(i ends of branch(^d tubi's. thus ^ivin^ lise to more or h'ss spherical 
flagellated chambers. As tlu‘ radial tubes becom(‘ more branched, and the 
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mesoderm tliicker, so tin; jiassae-cs or in-eui M ot camils from the outsidt* ( f the 
s|X)nf^e to the ontsid<* of tin; radial tubes ) erouse moi’c* ctmiplicated. f-ommon 
siliceous spon^^es devtdop in a difierent manm i Tfom the above-described cal(*;freous 
ones, namely, from a hollow conical sac open a» the top, and with a flat liase ; the 
sph(*rieal flagellated ehamliei’s at a very early Ma^»^e ronnin^* Ji mammillated Inyer 
in the walls. Phiklnn, oni*. of the sim]>l(‘st silicedu-^ spon^n*s, encrusts stones with 
a fleshy crust, consist in;^ of a sac with a flat Viase attached to the stone, and with tlie 
rest of the walls formine^ simj.Oe folds. Tin* spaces l)etweeii and outside the folds 
form the in-current, and those in tln^ lumen of life lolls tlie out-current channels. 
Eacli of the fla^adlated chamb(irs in the walls of tlie folds communicat(‘s with the 
in-current spaces through several jiores, and opens into tin* out-curi-eiit spjices hy 
one large pore, the currents of water passing out by the central oscuh;. 

The fine toilet-sponge posH(.*sses a more developed canal-system. ^Jlui in-current 
and out-current parts of the wat(*r-bearing system are more definitely “canalised,” 
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and may be compared to the roots of a tree which divide into finer rootlets. The 
flagellated chambei's form a convoluted cordon between the rootlets of the two 
systems. In the sea-kidney sponge of the Mediterranean the specialisation is 
carried to a still higher stages, each flagcdlated chamber b(dng isolat(‘d fVom tla^ 
i*est, and having a slendei- canal lea<ling to it, and one leading fi’oni it. 

The soft tissiu\s permeated by canals r<*(juire a snj)porting scaHblding or 
skeleton, an<l in nearly all sponges it is the function of c(‘i*tain cells in the 
mesoderm to secrete skeleton-material. A ftiw sponges j)Ossess lio sk(?leton 
whatt^ver, cxccipting the gelatinous ground-substance; in some also the skeleton 
is mainly or entiridy composed of foreign particles of sand, spicules of other 
spongers, skeletons of Radiolaria or Foraiiiinifera. 'J'he vast majoi*ity form in 
the grouixl - substance a skeleton which is composed of spicules of silica, or 
carbonates of lime, oi- of horny fibress. The sponges whose skeleton is composed 
of calcium carlxmate form a distinct class — the Calcanea. Of those which s<‘cr(;t(s 
a siliceous skeleton, the glass-sponges form a second class distinct from ilui ivst 
of the siliceous sponges. All the rest, including l>y far the largest number^ arei 
included under a third class, the common sponges (Demospongia). 

The Calcareous Sponges, — C lass Calcarea. 

In this group th(‘. skeleton is formed of spicules of carbonat(‘ of lime, shaped 





A CAU’AttEJ^irs AS(’ON si’dnge, Leiicosoleuia (ninginlied 4 times). 

like three-rayed stars, four-rayed stars, or needles. The triradiate occurs most 
frequently in its typical fonn, the three rays being equal, in one plane, and forming 
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an anji^le of 120'' with ciacli otlier. The spicult\s aro transparent and glassy wlien 
viewed separately, hut white and opatpn* in mass, (hi placing a calcareous sponge 
in acid, tlie skeleton dissolves away with eHervesccaice. The class is divided 
into two gi-ou])s, nanH‘ly, tlie Homocoda and the Heterocnda, in tin* former of 
which tin* collai*-e(‘lls lim the who](‘ of the intei‘ior of tln^ simpN* or hi*auched 
sac; while* in tiu* latter they are contin(‘d to the radial tubes, or the eiu^s 
of branched radial tubes or canals, the gastric cavity with a jiaH r)f the 
canal system lu*ing lined with Hat cells. The simi»le .iscon spongt* (AscAta 
])rim(mlialis) forms a minub* stalked sac open abc.ve, .md witli its thin walls 
perforated by por(‘S and su]>]iorted l>y liaradiaU spicules: ^Jie whole interioi being 
lin(‘d witli collai-cells. 'rht* simple sac nmy give off a stolon, \vh(‘noe arise other 
sacs, or it may branch, and the l>ranches again divi<le fc' nong a tn‘(*-like growth ; 
or, lastly, the la-anclies ina\ joi;. tog(‘ther an«i fonn a complicat('d nieshwork (»f 
sacs or tubes. The allied n in, shown in tlie illustration, is a. branched 

ascon found on s(‘aw(*(‘<ls in tlu* foiui of clust(‘rs of small white tubes. 

The ciliated sycon (N/zeoa/Z/vO aial (i/vn/Z/o, aiH* common among seaweeds and 
in rock-cr(*vices on the llritish coasts ; both sjionges are sycoiis, if. with tuh(‘S 
ra<liating out horizontally from a. C(‘iitral cavity, and in 
both an* pr(*sent tlu* three kinds ol ealcan‘ons spicuh*s 
(iieedl<*s, thn't'-rayed, and four-ray<‘d rorms). The* walls 
of the ciliated sycon are made n\) of clos(‘ly-]>ack(*d 
tub(*s, lined with collaJ--cells and opening into the vt*rtical 
gastric cavity. Hows of thiH*e-ray(*d spicuh*s, arrange<l 
in i‘(*gular s<‘ri<*s, support/ th(^ walls ol t.ln* tubes, the 
blind emls of which arc* ])rotected by tults of iH*<‘dles: 
a layer of foiii’-raycMl spicules lines tin* walls of tlui 
central cavity, tie* fourth i*ays projecting inwards 
and u]»wai*ds into tlu* cavity so as to l«*rm a wall 
of spikes. When tli<* curi-eiit is flowing from thc^ 
interior the* crown of ne(‘dle bristh*s round iIh^ oscuhi 
is expanded, but wh(*n thi^ sponge*, is inactive the 
l/iistl.-s fall ai./l COV.T ilx; os. i.!-. (Jn nlia lives on se-awee.ls or 

liaii;;i„j.- ,l,nv,i "f.-oni rocks, iUi.l several s|..-. miens are usually foun.l together. 
They ivseinhh- small %vhi(/‘ leaves, or flat l.ag.,, averaging about an inch in 
length anil one ami a half in wiilth. tliough smiietinies nmeli larger. ^Vhen 
quite young ami small tlmy possess only one i.^enl... hut larger sped Miens jSKSse.ss 
sevi'.rai on the thin margins. When the sixmgi i ~ active, the Hat leal fills out like 
a small iiaper-hag. 'I'he leneons usually possess lulaila)- oi- hollow knoh-shaped 
bodies witli thick walls, in whieli j^amify a double system ol canals, in-current 
from the surface to the flagellated chamljiTS, and out-< ui rent from the latter to the 

ga.stric e,avity. . . • 

On niakiim- a section or teasing a fragment of a calcareous sponge in the 

sprin.^ the minute embryos will ofU-n lie seen. When tlu‘ embryo leaves the 
parent sponge, it consists of an e.Ktreme-ly minute oval cyst or vesicle (e) with a 
Lall central cavity, and is formed of two kinds of cells. The anterior half, or the 
part in front when the embryo is swimming, is composed of a number of long 
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prismatic cells, each carrying a vibratile flagellum. The hinder end is composed of 
a smaller number of large rounded granular cells without flagella. 

After the larva has swum about for a time, it becomes broader in the 
equatorial zone (/>). The fore-half broadens out more and more till it forms a 
flat lid on the hinder hemisphere. Finally, the small cells lose their cilia and 
become completely invaginated into the interior of the large-celled hemisphere, 
wliich now resembles a cup with a double wall (c). 

There are thirteen British species of Calcarea, and over two hundred from all 



DEVELOPMENT OF Sycon mpkanus (all figures eiilai’giMl). 

parts of the world. They are almost confined to shallow water, the greatest depth 
from which they have been obtained being four hundred and fifty fathoma 
Calcareous sponges prefer shade and avoid light, and are chiefly found in caves, 
under stones, in shells, or in the shade of dense thickets of seaweed. 

Six-Rayed, or Glass-Sponges, — C lass Hexaotinellida. 

In the sponges of this group the skeleton is built of spicules with three axes 
and six rays, intersecting one another at right angles through a common centre. 
A second characteristic consists in the comparatively simple arrangement and large 
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size of the thimble-Hhaped flagellated chambers, which attain an average length 
of of an inch in EiiplectelUi. Leaving out of consideration the skeleton, the 
soft tissues typically form a tubular sac open at the top, and, with the walls, foimed 
of five layers, an outer dermal and an inner gastral iiienibrane with a layer of 
flagellated chainbei*s suspended between and supported by subdennal and snlv 
gastral networks of fibres; the direction of the water current being always fix^ni the 
dermal to the gastral surface. The six-rayed spicule is the fonn best adapted to 



SILICEOUS SPICULES OF SIX-RAVKD, Oil (JLA.SS-BI'ONCES ; IN TMI- < KMKK AN ElOHT-hlUKD INTKKSECTION 
NODE OF A FOSSIL VENTKICUUTK Si nMiE. 

support a soft w^alled sac of this description, one axis })eing vi rtical to the walls, 
and the other two tangemtial ; the rays of each spicule uniting with those of adjoin- 
ing spicules to form a framework. The typical spicule lias six ecjual rays at right 
angles to each other, with an axial canal in the centre of each. When four of the 
six rays disappear, leaving only a glassy rod, the history of such a spicule is 
betrayed by the presence of a minute cross, which is all that remains of the axial 
canals of the atrophied rays. Endless modifications of the typical form may occur. 
One or more of the six rays may develop more than the rest ; one or more may l)e 
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suppresfled, resulting in. the formation of five-, four-, three-, two-, or one-rayed 
spicules. Again, the simple principal rays may branch or give oflf tufts, w'^hicl) may 
be pointed or end in discs. Further, the rays may be curved, or become beset with 
spinels. The spicules either reinain l(H>se and separate in the soft tissues or beconu^ 
joined by apposition and intertwining, or by fusion of rays by means of layers or 
bars of siliceous cement. 

The glass-sponges art^ dividcnl into two gj-oiips, tli(‘. Lyssacina and tlui 
Dictyonina. In the former the spicules are loose and scj)arate, fusion wdien 
present occurring in the older paHs of the sponge; in the latter the principal 
spicules form a solid framework evcui in the earliest stages of growth. /A/ /////floras, 
a Lyssacine sponge, wdiich has diverg(id but slightly from the simple sac form, was 
dredged from two thousand ninci hundred fathoms in tho North Pacific, and foi'ins 
a soft thin-w'alhid tulx! alxmt seven incln^s in height and two inches in diameba*. 
In the Venus’ flower-basket {Enplectelhi), shown in the ccmtral illustration of tlie 
coloured Plate, there are certain nuxlifiaitions of the simple sac type. Firstly, 
there is a lid at the top, and fui*ther, the walls of the tubti are perforated by largt; 
round holes alx)ut one twenty-fifth of an inch in dianujter. TlitJ water can thereby 
pass direct from iho outside into the gastral cavity or lumen of the tube; each 
a|3erturc is surrounded by an iris-like im^mbrane which c^in probably close the 
orifice. These parietal apertures, in the whole thickia^ss of the w^all, must not be 
confuso<l with the v(‘ry minute in-current port's through which the water passt's 
into the sponge-substance. In life, tho glassy framework — fr(Mpi(‘ntly st'on as an 
ornament — is covered with tlui brownish gtdatinous fltssh. ^J’he glassy sk(deton 
forms a curved tulxi from 10 to 18 inclu'S in length, shapc'd like a cornucopia, 
tho curve biking place at the junction of the lowi'i* and middle third EvplecirUa 
owevl from Japan, which closely resembh's E. asprnjilhnn, forms a straight 
cylinder, devoid of the collar round the lid and without ridges on the walls. 

The ghiss-ro]H' sponge {Ilt/iflonnita) of Jajmn btJongs to a group of Lyssacine 
sponges, chameterised by the possession of amphidiscs, s])icules with a straiglit 
shaft, at ciich tiiid of which is a large toothed disc, resembling the ribs of an 
umbrella. The spicules ai*e soim^times laj*ge enough to be visible to the nak(id I'ye, 
and vary in difterent sjK'cies from the hundredth to the twenty-fifth of an inch 
in length. The rope was first brought to Europe about 1880, and for yeai-s 
formed the subject of controversy as to its nature. Th(^ Japaiu'se glass-rope 
s}X)nge forms a solid-kxjking, ovoid, thick-walled cup, the top of which is closcid 
by a thin sieve-like lid with an imperforate cross-shaped area. From the lower 
end of the body arises the long siliceous glass-ropi^, composi'd of twisted strands 
of spicules which anchor the sponge in the mud. For a varying distance below 
the body, the tuft is invc'sted by a jiarasitic zoophyt(\ A ti’ansverse section of 
the cup shows a cavity, in the centre of which is a spike which is the upper 
end of the glass-rope piiyecting into the interior. From the central spike septa 
radiate; these are convex along their upper margins, and attached at their 
ends to the imperforate bands on the operculum. The walls contain the mucl\- 
folded layer of flagellated chambei’s. 

The spicules of the tuft are pointed at the upper end, and terminate below in 
minute four-pronged anchora Many of them are marked with a spiral ridge. 
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minutely serrated on the upper ed^je, and thereby offerinjir resistnnoe to tlu^ uproot- 
ing of the tuft from the mud. The length of specimens varies fi’om 20 to 80 
inches. 

The Japanese species is obtained from off Tokyo, from a <le|)th of thrc'e hundiH'd 
and forty-five fathoms, and is fished for with ]oiigIint‘s, wc‘iglit<‘d ami provided with 
hooks, wliich ar(‘ dragged along the bottom. Kight«‘en sp(‘cii*s liave bc'en ol)tained 
from th(‘ Atlantic, Pacific, and South<a*n ( )e(*ans, from de[>ths ranging from a few 
hundred u]) to two thousaml five hundred and fifty fathoms. Tla* jdlieil SrmjwrrUa, 
shown in the right-hand illustration of the colouri‘d Plate, occurs in one hundred 
fathoms off the Philippin(\s. It forms a su I /cylindrical slock, about Ij inches in 
length and 2 inches thick, tcu niinating in a. <Iensi‘ tuft a . out inches long. Tin' 
lacedik(^ skin cov(‘i*s a com]»lieate<l lahyrinth of tulx's. \ iotlii‘i- Plnli]>]»in(‘ form 
r(‘present<‘«j in tlie 1m Jtom right hand C(a ner of t he same Plat<*, lias 
small thick-walh‘d ]i(unis]>hencal enps, with tufts of spicnii-s grt)V ing from eonical 
prqjcictions on th(‘ walls, and pas‘-ing down to foi*m i-ool- tufts. This sjiongi* is 
remarkable for prcMlucing laids, vliich iKa-ome dtdaehed and dev(‘lop into comj/letc^ 
sponges. In tlu‘. middle* of tlu* low(‘r part of tin* Platte is siiown a sj)eci(‘s of another 
genus, known as Pcrlffluun/rlhf, from Jaj/an, whieh foi*ms a euixed funnel, on th(i 
outer wall of wliieh is a netwoi’k of tubes which ha\(‘ hi aneluMl off from th(‘ main 
body. Tu /'(//•mr, st‘en iji the* left-hand bottom coi ner of t lie Plate*, the*, hoely is 
form(‘d of foi'king branched glassy IuImns, tie*, walls of which consist of spicules 
whose rays have* fus<‘d into a rigi<l fraim‘Woik. Srlrrol/tn nnnis, from thrcM^ 
liundnMl and sixty fathoms off 'J'imor. is a remarkable* Dictyonine* speaige*, which 
forms a hush twe) ov t]ne*e‘ fe‘et iii lu*ighi, with the*. branche‘s markeel with a sjiiral 
band. 

Anothe-r lie'auiiful type* is ( Wpe‘nte‘i’s gla.ss-sponge^ sliown in the 

illustration on ]>. wliieli ceaisisis e/f a. lhiek-walle‘<l enj), narre>we*el at tlie* e/riliee*, 
ami giving oi’igin ])e*low to a thick I’ciot-tul’t of spicul(*s; tlie* first .spe*(*ime*ns weae; 
di’eelgeel frean a e.l(*ptJi of five* hunelreel anel thirty fatimms e>fi’tlie* Karen* Islanels. 

(ilass-spemge*s, with one* </r two <*xcepi,i(Mis, have* l)e*e‘n ohtaine**! in <le*ep wate*r, 
fj-om ninety tei tve/ thousaml nine* liundird fathean.s. 1‘i-e‘Nious to tlie elerp-se*a 
elreelgiug expeditie/ns, spe‘cimeiis had he*e*ii ^’ounel in only a fe‘W ]e)ealiti«*s, anel thei 
procui'ing of the‘m had be*e*ii due* more (»r !*'ss to accielent. ^Jdius tlie fla[iane*se 
tislie‘rme*n, winder in epirst of ele.*e*p-se*a fisli. brouLdit U]» glass-reipes, wlii(*li Inraine 
markt*table commoelitie*.s. Similarly, the founel it would ])ay to e xplore*, 

for suhmarim; tre*asure, and consti’iicted tlieir b;j!nb»M/ liredge. 

Fossil He*.\actiiie*lliela are* feinnd abundanil' m tie* (.dialk. Tie* VeidricidjIrH^ 
found in Clialk flints, are* the ske*lt*toiis or ca.sts glass-s]ionges. 

The Cei.MMox Sponges, -(dass Demospong^. 

The common sponges inchnle all the/se which elo not come.* unele*.r tlie^ elejsigmitieai 
of calcareous or glas.s-sponge\s. A n(!gative; definition is unsatistacteiry, hut it is 
difficult to frame a positive one which will ap[)ly to all elivisioiis of this class. 
Most common sponges are siliceous, while such us are; horny arc probably elerived 
from siliceous types. They are divideel into four orders. In the first or four-rayed 
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sponges the spicules typiwilly possess four axes and four rays, and resemble 
caltrops. The fleshy sponges, with little or no skeletal structure, form a second 
group ; while a third group includes the monaxonid or uniaxial sponges, with the 
skeleton typically built up of needle-shaped spicules, with one axis. Tlie liorny 
sponges form a fourth group. 


Fouii-Rayei) SP()N(iEs, — Order Tetractinelltda. 


In this order the siliceous spicules of the skeleton have four axes and four 
rays, and typically arc shaped like caltrops. The typical form undergoes numerous 



BIUCBOUS SPICULES OF FOUU-RAYED ANCHOR 
8P0N0EB (niagiiitied 200 diameters). 


modifications, one of the commonest consisting 
in the lengthening of the vertical ray, and the 
bending of the other three rays towai-ds the 
long shaft, an elegjint anchor -shaped spicule 
resulting. The anchor form may, however, have 
originated from the branching of a uniaxial oi- 
rod-shaped spicule, and not from the alteration 
of a four-rayed caltrops form. The three prongs 
of an anchor may point downwards, upwards, or 
horizontally outwards, and in the last case they 
are frequently forked. The Lithistida (stony 
sponges), one of the groups into which the order 
is divided, are characterisotl by the presence of 
peculiar spicules, known as d(‘smas, in which a 
minute rod or caltrops is siUTOunded by con- 
centric layei's of silica; at the margin of the 
plat(5 or disc thus fonned, branched and often 
tul)erculated processes an* givi‘n off, which usually 
join or interlock Avith those of other spicules to 
form a dense stony skideton ; but sometimes the 
desmas are not linked together, and the lithistid 
sjKmge is quitch soft. Jn addition to the larger 
fonns of spicules, such as anchors, which form 
the sk chiton, there are minute, coiled, spiral, or 
stellate spicules scattered in the flesh. A well- 
developed crust is fn^iuently present; and in 
Good'ui the crust is composed of solid siliceous 
globules packed into a layer, beneath which lie 
the anchors with the prongs next the crust, and 
the long pointed shafts passing in centripetally. 
The four -rayed sponges are divided into the 
gix)ups Choristida and Lithistida. In the former 
the spicules arc loose and separate; and in the 


latter desma spicules are present, and usually 
fused or interkxsked so as to form a stony skeleton. The Choristida frequently form 
^^ellowish white, leatherj^ nodulated cakes, plates, and crusts. The Lithistida, or 
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stony-flpoiiges, ai-e usually brittle and friablo, or of stono-like hardness. The four- 
rayed sponges belong mostly to shallow water, but a few specimens have been 
obtained from depths of nearly two thousand fathoms. 


I'liE Fleshy Sponges, — O rder C'arnosa. 

These form a small group of uncertain systt‘matic position, tlu‘ir chief features 
being the possession of a tough rind, enclosing a softer pith, the absence or slight 
development ol a skeh^.ton, and the highly-developcMl ^^inal-systciii. Thev a})pear to 
be related to the lour-rayed spongers. The soft pith conuiins tin* flagellated chambei’s 
and the canals leading to ajid from them. The genus Chotu ! possesses isolatisl 
siliceous spiny spheres, ^‘spticially situated along the m'!*s(\s of the canals am I 
beneath the rind. The allied Cjn^iuli^osia of the Mediterranean takes the form of 



SE.\-KIDNEY l/EATHKH SpONdJi (('httmhnsm irnijhruiis). S|>Lrili)i‘lJ cut 


leathery knobs <jr cakes with a slimy surface. "J'Ik; usually sojitary oscultj is 
irritable, and contracts slowly when tin* sjM)nge is taken fiom the water. Fishei-nu‘u 
call this sponge, sea-ilesli or sea-kidney. The ground -substance contains no 
skeleton of silica or horn}' material ; and the in-current and out-cuirent canals form 
two si‘ts of tret;-like branched systems wdtL tlie flag'dlated chambei’s interpolated 
between the tiiiul twigs of t‘ach. 

SiN(iLE-KAVi:i) Sponges, — O rdm* .Monanonida. 

These sponges are those most freijiKuitly le- t with on the iJritish shores and 
in shallow water throughout tin; world. The >k«‘h‘ton is mainly laiilt up of 
uniaxial siliceous nee<lleH or io<ls, which may Ik* isolated aiid swittei-ed, or unibKl 
into bundles by the hoiny ceimaiting substanei;, spo]»gin : whihi tla* bundles may 
])e jf»iiUMl in various ways to form scaffoldings for llie. su]»[Mn*t of the soft ])arts. 
The spicules are shaped lik(^ spindles. Jn addition to the large spicules forming 
the bulk of tin? sktdeton, and on this accciUiit called sk<.*letf>n-spicule*s, in some 
gix)ups minute forms abound in the soft substance, and are termed flesh-spicules. 
I'lie latter are frecpicntly Hhaj)ed like buckles or double anchors, with prongs at 
each end. A transition can a])parently be traced from this group to the horny 
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sponi^es; the Biliceous needles becoming less numerous and the homy substance 
more abundant, till, in the true homy sponges, such as the toilet-sponges, the 


skeleton consists entirely 
of horny fibres. The 
ocellated (^halina, fre- 
quently cast tishore round 
the British coasts, ex- 
hibits an intermediate 
condition between the 
siliceous and horny forms. 
By teasing out and ex- 
amining a fewfibres under 
the microscope, a fine 
core of siliceous spicules 
will be s(HUi in the axis of 
each thi-ead of spongin. 

The illustration on 
p. 528 represents a group 
of sponges growing to- 
gether. Near the base of 
the black seawce<l on the 
stone there arises the 
much - branched Desmaci- 
dinc sponge, so called 
from its buckhi - shaped 
spicules; while from the 
left branch of the former 
grows a flat alga encrusted 
by another sponge of the 
same order, and of a dull 
yellow colour ; and at the 
top of the colony is the 
violet SpoH(i(iia. Tlie 
illustration to the left 


jJ ^ represents another sponge 

■ of this group {A.rh}flla\ 

^ ^ common in the Meditei’- 

IWlWin. Ill lllo this 
sponge is of a yellowish 
colour, and the oscuh‘s pi(*st*nt a radiate 
arrangement like the poly[)s of a branch of 
fan-coral. The illusti’ation on p. 54il illusti’ates 


a sponge dredged by the i lialb'mjvr, and kno>\ n 
as Ef^j)crio])sin challnifjeri, fi'om six hundred 



SlLlCKOrs SI’K’IM.ES OK .MOSAXONII) SI’ONORS 
(lujigiiitiiMi ‘J00-;UX) iliaiiiciers). 


and thirty fathoms, east of tht^ Ceh‘bes. The largest specimens are about 8 inches 


in height. From a solid, strong stem six or seven stalks are given ott‘ at gradually 
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increasing intervals from below njiw.-nnls, aiul eaeli bearing a Jiemisplierical cup or 
ladle, convex outwards. The in-euiTt‘nt jiores are on tlu' eoncavi*, and the out-curroiu 
on the convex sui’faee. To iliis ordt‘j* belongs the Nej)tune\s cup sjuaigt* 
attaining a lieight of o or 4 feet. It includes also the boring-spongi ‘s (r//o>/o), in 
which the skeleton consists of scattered ])in-shai)ed sj)icules. To coni|M nsate for 
the inefficient su])|)()rt, tlie sponge excavates into limestone, chalk, oi- shells. (Irert 
importance is attributed to the destructive ]»ower of 
these spongi's by l*j*of. Sclimidt, who jwants out that 
considerable poi'tions of the c(*asts of the Mediter- 
ranean consist ol* limestone, th<^ disintegration of 
Avhich has Iteen givatly hastiMied by the operation of 
boring -sponges. In many ]»arts the outlines of the 
coast hav(‘ conseijuiadly Imm-ii mn. h alteriMl, aiid along 
the, Dalmatian shoro. jV»r a disiani'c of a thousand 
miles, one nn-iv find th<‘ beach tl»l<'kly stri^wn with 
stoiK'S coni] tleiely riddled with ihi* holes made by tlii'Si^ 
sponges, as shown in the illustration tai p. 544. Tin* 
causes of this ]>i*opertv ol the burro wing-sponges are 
not known; but th(‘j*e are two thec»ri(*s, mechanical 
and che-inical. According to the former, the sjionge 
boi*(‘S by means of the grimlingof its siliceous spicules 
against tlie softer liinestoai'. The action would b(‘ 
assistc'.d partly liy the action of the contractile sub- 
stance* of the s|K>nge-body, and partly by the currents 
of water travei’sing the canals. On examining the 
galh‘ries of a shell or piece* of limi'stone* with a h*ns. 
the^ surface* is se‘en to be* ])itteel with minute* he‘mi- 
spherical cavitie*s. giving rise to a lin<‘ly shagre‘e‘ne*el 
appe'arance?. The* shagi*<*<*n surface is characte*ristic 
of thei act ion of a buri’owing- sponge*, ami "M*rve*s to y;s//,'//oy;.s/.s imt. 

distinguish tin* cavities ainl holle^ws elm’ to tln^ 

sponge fi’om tijose e*;nised by worms, molhe.f*. . or the action ol water, (^•rtain 
minute tive'-sleleMl ]»lates we‘j‘<* formerly su]i]»o^t.! 1e) assist in the* e*xcavating proci’ss, 
])ut are now known lej result from tin* bre*akn._: eiown ol tin* oiganic laye rs ol tlie 
shell. (_)n tin- otln-r haml, the aelvocate-s (»! fh'- e-he*mical tln*eay attribute* llie 
e‘xcavating ])ro])e*rtie*s to tin* se'civtion ol e-aromm ;n iel by the* spe>nge*, which is 
thus e*nal)le«l to elissoKe* tin* e*arbonat»‘ ed linn- ••) th'* ‘'he*ll e>i- linn*stone-s ; but. an 
olije'ction lies in tin* fae*t that carbonie* aciel is •!.. .ip;d>h‘ of dissolving the* oiganic 
plates of shells. lte-ce*ntly it has be*e*n ui*ge-d ih.it tin* powe*r e>f contractility 
posse*sse*el bv tin* s|)ong»* is a ]ie)Wcrlu] aiel in tin* we)i-l\ ol »‘xe*;i v;it ieeii. burrow ing- 
s])oiige*s art* a trouble* in eiys1**r-cnltnre*. and it is su;:g«-si'd tiiat at tin* tiim* wln*n 
tlie rre(*-swimiiiing sjionge*-e*inbi-yos are* io]*nn‘d, a ]»ank ol e^M sln*lls slnnihl be 
plaeeal lietw^eeii tin* oystei*-bee|s ami tin* tiel«*. 'fin* bank wemM iilter e)ti tin* 
e*mbrvos, wliicli wouhl grejw' in the* e>lel slie-lls. and be* sul)se*ejue*nily eler.strejyeel by 
immersion in fresh water. A figure* of a fragment ejt limestone thus peji'l orated by 
sponges is given on the following page. 
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Pt^ih-Water To the group under consideration belong the fresh- water sponges 
sponffea {Spmigillidu^), which live in ponds, canals, lakes, and rivers all over 
the world ; and have been known to infest the pipes supplying a city with water. 
The two commoner British species {Eusixymjilla htcuntria and Ephydatia fluviatilis) 
grow on the piles of bridges, the sides of locks, the stems of water-weeds, or 
form crusts on the bed of rivers. Euspongilla forms bright green crusts, fi\)m 
the surface of which long, simple, or branched stems arise ; or the surface of the 
crust may be simply conulated. This green colour is due to gi'anular bodies which 
crowd the cells near the surface of the sponge. Some naturalists consider these 
bodies to be chlorophyll granules similar to those of plants.; others regard them as 
single-celled algm. The chlorophyll, in the presence of sunlight and water, splits 
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up the carbonic acid evolved b}?^ the sponge into carbon and oxygen, the latter 
being used by the sponge for respiration. Fresh-water sponges growing in shady 
places arc of a pale grey or yellowish white colour; and when briglit gi*een 
specimens arc kept in the dark, they lose their green colour. The sui’face of 
a fresh - water sponge is covered with fine pores, while here and there a few 
largo oscules are visible. From the pores fine in-current canals pass down to the 
flagellated chambers, and from the latter proceed the rootlets of the out-current 
canal-system. With a lens the spindle-shaped siliceous spicules of the skeleton can 
be made out. They are about one-fiftieth of an inch in length ami unite in bundles 
which pai*tly sun*oiind the canals, and are partly scattered irregularly in the ground 
substance ; with the naked eye the bristling points can be seen projecting fi’om 
the surface. 1 f a speciim^n be examined in autumn, there will generally be found 
crowding the meshes at the base of the crust a number of small yellow spheres, 
about one-twelfth of an inch in diameter, known as gemmulcs. They possess a firm 
shell, with a small circular pore at one spot covered only by thin membrane. A 
gemmule is a kind of internal bud, and is capable of developing into a new sponge. 
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When the season unfavourable to the life of the sponge arrives, a number of 
wandering cells collect together into a mass which becomes coated witli a homy 
covering. Outside this a layer of siliceous spicules is secreted. In Ephydatia 
these spicules are, from their peculiar shape, teniied 
amphidiscs, two toothed discs being united by an axle, 
the layer of amphidiscs being an-anged with the axles 
vertical to the surface of the gemmule. In the succeeding 
spring the cellular mass in the interior burats out 
through the jxjre, and develops into a sponge. Tl:e 
gemmule-spicules of Enspomjilla arc shaped like curved 
needles pointed at each en<l, and with a gi'sinular suriace. 

Gcmmules are formed, but ai)pai-ently only rarely, in a 
few marine sponges, such as Clion-i and Chaliiuiocahita, 

These bodies arc formed also by the fresh- water llryozoa 
In addition to this asexual or veg< iativo formation of 
gcmmules, fresh-water sponges also form ova and sper- 
matozoa. When the ova are fertilised they undergo emlhyo of a fuehh - water 

. 1 1*1 Bi'ONaE (luagiiitiea 100 uiuni- 

Rcginontation, and form oval ciliated embr^^os wliicJi are 
about one-seventh of an inch in length, and are easily 

to Ixi seen swiinuiing alxiut in a glass vessel of water. They swim with the broad 
end forwartls j the anterior upper half is dark and semi translucent, the posterior 
lower half glistening white and opacpie. 

Houny Sponges,— O rder Ceiiatosa. 

In this group, of which ordinary toihd-sponges fiiniish examples, the skeleton 
is chh^lly composcMl of fibres of a homy substaneci, tenned spongin, and allied in 
composition to silk. In tlie ioiUit-sponges tli(* fibres of tlie skeleton loim a close, 
felt-like rie.twork of soft elastic texture ; but some horny sponges are hard and 
brittle, and oth(‘rs of the consistence of indiarub])er. In most of the group 
foreign particles, such as grains s»ind, or siliet*ous spicuh^s of otlier sponges, are 
present in tlie fibres ; and in some the foreign iM#dies fonii a thick core covisred with 
a thin coating of spongin. Kven in the sol test ioihd-sponges foreign particles ani 
included in the main fibres. 'Ihc large pin*p)«‘ lau-shape<l laniltfi/u li’oin Noi*th 
Australia belongs to this group; also Lv-fjin'HK (irrhrrt (Neptune s trump(d) 
from Yucatan, forming a magnificent cornucopia ]i\ • feet in length. l)n/rwindl(f. 
possesses peculiar lioniy spicules. 

ToUet-and Tlie sponges commonly seen in siiojis may b('. arranged under 

Bath-Sponges, three speci<‘s, all of which occur both in the Mediterranean and 
West Indies, namely, En^innujla officiiufUs, variety '^inoUisslnui, the fine turkey- 
or toilet-sponge ; E. ziworca, the hard flat disc-sliaped sjHmge ; and 
equina, the common bath -sponge or horse-sponge. Under these species are 
included a large number of “ varieties'’ and “grailcs/’ cla.ssified according to fonn, 
quality of texture, colour, locality, etc. The sponge-merchant can define the exact 
locality whence a specimen came, by observing the presence of characters which the 
naturalist would not regard as specific. The merchant classifies his material into 
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grades, and uses names expressing the locality, texture, etc. The softest and finest 
is the Turkey cup-sponge, which usually forms deep or shallow cups. The whole 
outer surface of the dense homy network is covered with minute holes, which 
correspond to the gi’oups of in-current pores ; in the cavity of the cup are a few 
large holes about three-eighths of an inch in width, distributed irregularly or with 
a tendency to a radiate arrangement. The large liolcs are the oscules or out-current 
apertures. The second species is the zimocca, or hard-sponge, typically forming 
rounded discs, convex below and flat at the top. The pores are arranged on the 
outer side or margin, and a number of oscules cover the flat upper surfaca The 
texture is denser and less resilient than that of the toilet-sponge, which it some- 
what closely resembles. The microscope shows the cause of the denseness to lie in 
the thickness of the fibres composing the skeleton-network. 

The common bath-sponge, or horse-sponge (IlippoHpongia), presents such wide 
differences from the first two forms, that the naturalist places it in a different 
genus. The holes on the surface of the loaf-shaped hemispherical mass do not 
correspond to those in a toilet-sponga The in-current and out-current orifices are in 
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the walls of the wide canals which permeate the whole sponge-l)ody, so that the 
bath - sponge is really composed of much folded layers, or lainolhe, with the 
canal-system in the thin walls of the lamellje. The large holes on the surface 
are “ pseudoscules,” and the tortuous passages into which they open are “vesti- 
bules ” to the true pores, whicli can be seen on the walls. The pores corresponding 
with those on the outer surface of a toilet-sponge may be deep in tlie interior of 
a bath -sponge. The elephant's ear-sponge from the Adriatic is a variety of 
Eusjjongia ojficinalis. It forms a huge lappet, the edges of which may unite to 
form a funnel-shaped cup two or three feet in height ; the pores arc on the outer 
side, and the oscules in groups on the inner. Cut up into flaps a few inches 
sejuare, thase sponges are useful for house-cleaning, eta 

Many of the commoner kinds of sponges, termed hard-head, reef, etc., come 
from the West Indies, and are included under E. zimocca. The bath-sponge- 
is less durable and more easily lacerated than the toilet-sponge, and has more 
foreign particles in the fibrea In their natural condition toilet- and bath-sponges 
look very different from the sponges in daily use. On seeing sponges in their 
natural state, one wonders how it was discovered that they formed skeletons 
possessing such useful qualitiea A sponge living at the bottom of the sea appeal's 
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as a shining, blackish, fleshy lump, which cuts like raw meat, no trace of the 
homy network being visible. The discovery would probably result from finding 
cast up specimens with the skin and flesh partly rotted away from the more 
durable skeleton. A toilet-sponge when alive is a blackish, ciip-shai)ed fleshy 
mass, with its surface coven'd with minute conic>al elevations. In the hollow of th(^ 
cup are the oscules, which appear smaller than in tlu^ sk(*leton, and are cixpable of 
dilating and contivicting. During life currents rush out of these holes* On the 
outer surface of the sponge, by very careful inspection, sieve-like gix)ups of pores 
will bo seen in the skin, between the conical elevations. 

When a living sponge is tom or cut, a good deal of glutinous substance flows 
away. The dark skin covt^rs a light yellow fleshy substance, in which the canals 
leading to the oscules are conspicuous. The walls of the eimals are greyish, some 
being tilled with mud, others containing a marine- worm or crust- 
acean, others, again, being empty. The skin-pores open into sub- 
dermal spaces beneath, and from the floor of the latter canals 
branch into the body-substance. The smallest canals finally 
open into minute pyriform flagellated chamlxu*s ; and fmm each 
of the latter there arises a ix)otlet of the out-current canal- 
system. What is commonly known as the sponge forms a 
supporting network of fibres in the gelatinous gi-ound-substance, 
the horny skeleton fonning a kind of scaflblding. The fibres 
are yellowish and translucent, and built up of concentric layers 
surrounding a thin axial thread. Foreign particles, such as 
siind-grains, flintj” spicules of other sponges, etc., are included 
in the main fibres. Each growing fibre is surrounded by 
cylindrical colls which secrete it. When a fresh batch of 
c(dls secretes a new layer, foreign particles on the surface of 
the fibre becoiiK? included within the new coating. The 
embryos are minute oval bodies, which swim by means of 
their cilia, and lead an independent life for a day or two. 

They then settle down by becoming fixed at one end, and 
develop into sponges. 

In addition to sexual reproduction, there is also vegetative 
propagation This characteristic has been made use of for cultivating sponges by 
cuttings. 

SPONaE-FlSIIING. 

Sponges arc found in depths ranging from two to one hundred fathoms, and 
the methods of collecting depend lK)th on depth and locality. Off Dalmatia the 
primitive method of harpooning is still employed. Two men go out in a small 
lx)at ; one rows, the other leans over the edge holding a long fork. If the water 
ripples, the rower throws in a half circle in front of him a few pebbles dipped in 
oil. The Greeks employ a submarine spyglass, which simply consists of a pane 
of glass let into the bottom of a tube or bucket. By this means they do away with 
the effect of the surface ripples. In the Levant in depths of five to fifty fathoms 
divers are employed, either naked or provided with a diving-dress. In the former 
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case, the cliver, with a hag round his neck, takes hold of an oblong white stone, 
with a cord attached ; he breathes vigorously for a few minutes, and plunges in 
head foremost, holding the stone in front of him. He can only remain at the 
l)ottom at the utmost for three minutes, during whicli time he hastily snatches 
up the sponges, puts them into the bag, pulls the cord, and is drawn up. Afttu- 
tlie first descent of the season he comes up with his nose bleeding. If this does 
not take place it is considered a bad sign, and the diver will not consider himself 
fit to continue the work. Divers with dresses can remain for an hour in depths 
of from five to fifteen fathoms, but only for a few minutes in from twenty to fifty 
fathoma In depths over fifty fathoms a drag-net is used, either from a vessel or 
hauled along from the shore. The net is fixed to a frame six yanls in length and 
one yard in height; this is composed of camel hair, and has four-inch meshes. 
The sponges are taken ashore, pressed, squeezed, and rinsed, till the dark skin and 
fleshy glutinous substance has been got rid of, or they are exposed for a short 
time, and placed in a staked enclosure under water ; in a few days the soft animal 
substance is trodden out, and the specimens are strung up to dry. 

In a map of North America, the tongue-like peninsula of Florida will be seen 
projecting between the Atlantic and the Gulf of Mexico. The tongue extends 
beneath the sea as a submarine plateau, on which coral - reefs have formed, 
parallel with the southern and western shores of the peninsula, but separated from 
the mainland by shallow channels. From the point of the tongue extends a chain 
of small islands, or “keys,” formed from coral growth and its fragments. The 
plateau forms a south-eastern expansion, the Great Bahama Bank, which sinks 
along its eastern margin by a stupendous declivity of over ten thousand feet to 
the great depths. The reefs on the plateau form rich sponge-beds, extending over 
an area of several thousand square miles. Previous to 1840 the existence of these 
valuable submarine beds was unknown. Now they afford a means of livelihood 
to many thousands of uien, and nearly a thousand vessels are employed in 
collecting the crops. 

The origin of the sponge-fisheries in the West Indian region was due to an 
accident. Previous to 1840 all the sponges of commerce came from the Mediter- 
ranean. In that year a member of a Paris firm of Mediterranean sponge merchants 
was wrecked on one of the Bahamas, in the course of a passage from Jamaica to 
Europe. He noticed that a great number of sponges were in use among the 
inhabitants, and was told that they were obtained from the waters round the 
island. On his retuni to Paris he aiTanged for consignments, and thus the 
Bahamas trade became established. In 1849 a cargo of sponges from Key West, 
Florida, arrived in New York, and was about to be thrown away as unsaleable; 
the cargo was purchased, however, by a firm, which established a branch at the 
new locality, and thereby founded the Florida trade. 

When the inhabitants of the Bahamas and the Florida Keys found it would 
pay to collect sponges, their spirit of enterprise was awakened, and putting off in 
search, they continually found reefs overgrown with crops. Gradually the vessels 
increased in number and tonnage, till the fleets amounted to seven or eight 
hundred craft, mostly schooner - rigged, and of from five to twenty-five tons 
burden. All over this region one method alone is in use, that of hooking the 
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sponges up with a three-pronged fork provided with a very long wooden handle. 
Each boat carries a varying number of small dingheys. Two men are apportioned 
to a dinghey, one for sculling, the other for hooking. The hooker leans over the 
side, and views the surface of the reefs through a sponge-glass. Great skill is 
required in sponge -fishing; indeed, the difficulty of hooking up a small dark 
object in twenty or tliirty feet of water, and often in a strong cuiTent, can be 
imagined. Once a week the fieet returns to some selected locality to unload its 
cargo into a crawl, — a staked enclosure covered with a few feet of water. The 
preceding week’s catch, with the skin and flcsliy matter almost rotted off, is now 
beaten, squeezed, hung in strings to dry in the sun. and fi.ially packed in bales, 
and sent to Nassau and Key West. Sponges used to be sold by weight, but owing 
to the tendency to absorb moisture, and to the preva^mco of the fraudulent 
practice of weighting them with sand, they arc now valued according to size, 
shape, quality of fibre, etc. The fine toilet-s])oiige is found chiefly along the 
eastern shores of the Mediterranean, from Trieste round by the Levant to Tripoli. 
The distribution of the bath-sponge extends from East Greece, along the Levant 
and the North African shore, and the zimocca-sponge from the Levant to Tripoli. 
Good qualities of commercial sponges grow in the Red Sea; the Great Barrier 
Reef off the iiorth-e^t of Australia would probably yield a largo supply. The 
bulk of the harvest of sponges from Bahamas and Florida consists of common 
bath-sponges. 

R. KIRKPATRICK. 



CHAPTER XVL 

The Lowest Animals, — S ubkingdom PROTOZOA. 

^ The lowest animals belong to a world invisible to the naked eye, 

a world whose very existence was unknown two hundred years a|^o, 
despite the fact that its inhabitants abound on every side. In 1755 Roscl von 
Rosenhof saw sticking on the side of a glass vessel of water and weed a tiny 
particle of jelly, the movements of which attracted liis attention. “ It fastened 
itself,” he writes, “on the side of the glass; and since, like animals, it moves, 
although very slowly, from place to place, and thereby continually alters its form, 
and as I frequently examined the water with a magnifying-glass, the creature was 
necessarily discovered ; as soon as I touched it, it contracted itself into a sphere and 
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The same auiiiial iu difiereiii shapes. (Ma^ihed 600 diameters.) 

fell to the liottom.” Rosel removed the specimen to a watch-glass, and observed it 
continually changing its sha}) 0 . In consequence of tliis jx.‘culiarity, l)e named the 
animal “ the small Proteus ” after the monster of fable. Later the animal was named 
as the name Proteus had been bestowed on another animal. An amoeba is 
composed of a small particle of living sul^tance, called protoplasm, and resembles a 
tiny blob of jelly, which continually but slowly changes its shape. The umeeba is 
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generally found on the ooze of ponds, or the under surface of the leaves of aquatic 
plants, but especially amongst conferva, in clear gently flowing water. When first 
caught, the animal will appear as a tiny yellowish semitranslucent globular speck, 
about one-hundredth of an inch in diameter; presently it becomes beaded with 
rounded projections, some of which grow longer at the expense of others and of 
the body, and may give off one or two branches. By the projection of these 
processes, or psemlopods, the ama^ba moves along in the direction of the longer 
onea “ Sometimes,” writes Leidy, “ the animal creeps onward in a flowing manner 
with comparatividy simple cylindroid form, occasionally emitting a single T)seiulopod 
on one side or the other. More commonly, in movement, it assumc^s a dendroid or 
palmate form, or sometimes, diverging from the directly on^vard course, it becomes 
more radiate in ajjpearance. Not unfrequcntly it assun.t*^ more or less grotesque 
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shapes, in which almost every conceivable likeness may be imagined.” The body, 
of the aina*ba is full of granules, which rend(jr it scaniopaque, with tlie exception 
of a thin clear outer hyaline zone, and near the centre is a globular or discoid body, 
known as the nucleus, composed of a denser protoplasm than that which surrounds 
it. Division of an amoeba into two is preceded by division of the nuckius. Near 
the latter is a clear spherical space — the contra(*iile vacuole — which gradually 
Cixpands, rather sud<l(‘nly collapses, and reappears at the same spot, the systole and 
diastole being slow and continuous. The contractile vacuoh* contains a clear liquid, 
which is expelhid on the collapse of the vacuole. This organ probablj^ serves the 
double function of respiration and excretion. The anaeba is omnivorous, but is 
chiefly vegetarian, and browses on temhu* leaves, or feeds on diatoms and other 
algse; it surrounds the food-particle or organism with the protoplasm of its lx)dy 
or of a pseudopod, and the ingested particle sinks in, surrounded by a zone of 
water ; frequently there are several food-balls in the body of the animal. The 
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food can be taken in, and the remains ejected at any point, but the latter frequently 
appear to be cast out at one spot behind the nucleus and contractile vacuole. 
The animal reproduces by dividing into two halves, each containing a portion of 
th^ original nucleus and a contractile vacuole, and each growing to the size of the 
original. A unit particle of protoplasm capable of carrying on the functions of 
life, namely, nutrition and reproduction, is termed a “ cell.” Formerly, a unit of 
this nature was supposed to be a sac or vesicle, hence the name “ cell,” which is 
retained, though many cells are solid and without a definite wall. The Pro- 
tozoans are animals consisting of a single cell, or colonies of cells. In the latter 
case each cell is more or less independent of the others, and capable of carrying 
on all the functions of life. All animals above the Protozoa are composed of 
many cells united into a whole, in which there arises the principle of division of 
labour. 

The Protozoa are divided into two groups, the Rhizopoda and the Infusoria ; 
in the former the body-substance is of more or less uniform consistence, and can 
extend itself from any part of the surface in the form of pseudopods; whereas, in 
the latter, the outer layer is firmer and denser than the inner, and the animal has 
a more or less definite shape. In place of pseudopods, the Infusoria develop on 
their surface one or many fine processes in the shape of cilia or flagella, which 
set up food-carrying currents, converging towards a definite mouth, and which 
enable the animals to move rapidly about, when they are not fixed. 

The Root-Footed Group, — Class Rhizopoda. 

The simple organisms of this class take their name from their power of 
protruding from the body the processes known as pseudopodia, which are often 
branched like roots of a tree, and by means of which they creep about. The 
group includes the amoebas, the foraminifers, the sun-animalcules, and radiolarians. 
In the first the pscudopodia are simple and lobose ; in the second they are slender, 
confluent, and reticulate ; while in the two last they are simple, radiating, and 
somewhat stiff. 

The Amcebas, — Order Lobosa. 

The chief character of this group consists in the usually broad lobose simple 
form of the pseudopods, which flow out from the body in the shape of finger-like 
processea The simplest forms are apparently without oven a nucleus, and on this 
account have been separated from the rest as the Monera. As the first representa- 
tive of the group, we may take the form known as Protomyxa, which forms 
minute orange-coloured particles of jelly creeping over shells, and consists simply 
of protoplasm containing granules, oil -globules, and food-particles. Occasionally a 
specimen retracts all its pseudopodia, some of which are broad and othera slender, 
and becomes a (juiescent sphere, the contents of which break up into numerous 
portions, each of which forms a new individual. The amenbas are divided into 
two groups, the shell-less (Nuda), and the shelled forms (Testacea). The common 
amoeba, which has been described above, belongs to the former group, as also does 
Pelomyxa, a large species found in the form of little white ovoid masses, about 
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the size of a pin’s head, creeping on the mud of stagnant ponds ; in tlxis animal 
there is a definite fore-part and hiud-iwii’t, the broader end of the ovoid mass 
being in front The figure represents the capsuled animalcule {Arcelhi), common 
in pools, especially where there is bog-moss. The brown homy shell is marked 
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with a finely faceted pattern, and is sluipofl Wko a dome with a flat floor ; in the 
centre of the floor is a circular liolc, tliix)U^’]i which short lobose pseudopods emei’gc 
from the body in the intcjrior of the dome - like box. Arcclla is capable of 
secreting vesicles of air in its body -substance, 
whereby it is enabled to rise. In Eiujlypha 
the shell is sac-shaped, witli a jagged free 
margin, and tlie surface covered with regular 
overlapping scales. In Dljffvgia the shell 
is strengthened by the atldition of foreign 
particles. Amcebas are cosmopolitan ; 
occurring in sea and in fresh water, and a 
few living in mosses or damp caiili. Certain 
forms of dysentery are said to be due to 
ainoebas, or at least to amoeba-like phases 
in the life-history of other Protozoa. 

The fungus -animals (Mycetozoa), are 
claimed lx)th by lx)tanists ami zoologists. 

The best known species is the flowers of tan, found in tan-yards, in the fonn of 
large creeping masses of naked protoplasm, known as plasmodia. Cakes of proto- 
plasm become segregated from the main mass, and break up into amceba-like spores, 
which again fuse to form plasmodia. 



YOUNG CAPSl'LED ANIMALCULE, fiEKN FROM ABOVE 
(ma^nrn^d). a, Frugtiiuiii of Shull (magnified 
COO diuinuturs). 
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Order Foraminifera, 

If shelly sea-sand be looked over with a lens, there will often be seen tiny 
shells no bigger than tlie grains of sand amongst which they lie. The specimen 
illustrated on p. 558, and whose shell is about one - twentieth of an inch in 

diameter, was originally named the 
spiral nautilus, with crenated joints. 
Another kind {MilioVma) occurs in 

one -twentieth of an inch in length, 
with about live visible segments, 
arranged somewhat like a string of 
sausages wound round each other not 
quite in the same plane. Foraminifera 
are rhizopods whose simple sarcode- 
bodies emit slender branching pseu- 
dopods, and which form a shell of 
membrane, of foreign paiiicles of 
sand, etc., of carbonate of lime, or, in 
rare instances, of silica. The order is 
divided into two groups, the Imper- 
forata and the Perforata; in the former 
of which tlie shell possesses oidy one 
or a few comparatively large aper- 
tures, whereas in the latter, in addition 
to its main opening, the shell has its 
walls perforated all over with small 
pores 

be emitted. 

The Imperforata form shells of 
membrane, agglutinated particles of 
sand, mud, sponge-spicules, etc., or of 
... . carbonate of lime ; the vast majority 

K(J(1-.shai'KI) GiiOMiA, (magnified p i n i 

(300 (liumcters). of the Pcriorata foriri shi^lls or the 

last-named material. The imj)erforate 
shells of (carbonate of lime often resemble milk-white porcelain ; whereas the per- 
forate shells, i^spi^cially in early stages, have a glassy appearance. 

Gromia is found both in fresh and brackish water and in the sea in 
the form of minute, oval, egg-shaped Inxlitss about one-twentieth of an inch 
in length, tixeil on tufts of corallines, or loose in the sand and mud. At first 
thei'e appi‘ars to bi*. nothing remarkable about the tiny oval mass resembling 
the (5gg of a zoophyte ; but presently from the opening at one end of tlu‘. 
m(;mbranous sac or shell granular threads of sarcode creep out and become 
fixed on the glass slide ; slender trunks of sarcode extend themselves, and divide 
into fintir and finer branches, wliich reunite to form a network of streaming 
granular filaments ever changing in form, and which may extend to six or eight 


through which pseudopods can 


the shape of porcelain- like oval shells, 
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times the length of the body. Every fibre exhibits an up and down stream of 
granules suspended in clear hyaline sarcode. A diatom, infusorian, or other edible 
prey, coming in contact with the pseudopods, is covered with a mass of protoplasm 
formed by fusion of several filaments, drawn down to the mouth of the shell and 
engulfed. Oromia moves by means of its pseudopods, which fix themselvivs and 
draw the body along. When alaimcd, the animal withdraws into its ijiembranous 
test. 

The sandy Foraminifera, "which ani mostly deep-sea types, are composed of 
masses of sarcode, sometimes of considerable size, v hich form shells or cas(\s of 
agglutinated mud, sand-particles, or sponge-spicules. They frec|uently attain a 


f : 



a Uypermnmimi ramosa ; b and f, Afi/r</r/(iza Hmicvla ; Entire ; e, Cut open. 


large size; for Jiaf hi/s iphoti, i'rom the Atlantic and also from fourteen 

hundred and twenty -five fathoms ofi‘ Am)x)yna, forms a slender annulat(‘(l tube, two 
inches in haigth, and open at each end, tin* walls of tlu^ tulxi Ixhng composed of 
etimented sponge-spicules. Ilidiphysnud is found in shallow watej* in the ^’orth 
Atlantic in the form of minute club-shaped lH)di(‘s, on(‘-tw(intieth of an inch in 
Indght, with the narrowed lower end attaeluMl by a disc, to zoophyt(.*s, idc., and with 
the surface bristling with s])onge-spicules. llj/jh-rn nnn I ntt, generally distribute*! in 
from sixty to three thousaml fathoms, niak(‘s a t«‘st of ceimaittMl sand-grains and 
sponge-spicules, at first forming a globular chamb*‘i* with a long bi’ancluxl neck, the 
branches of which again branch. Asfrorhiza forms st»-llate. single-chamberiMl shells 
of fine mud, slightly c<mieiited, and lined insidtj by a sni(K)Mi ineml)7*an(‘ ; at th(^ 
(mds of the arms arc large openings for the p.«eudo])o<ls ; the diaimdca* of the disc 
is alx)ut one-fifth of an inch, and that of th(i entii-e sht‘ll alxait half an inch ; the 
animal lives in compamtively shallow wat«‘r (about twemty fathoms), in the No]*th 
Atlantic. Certain other sandy species are characterised by the regular form of 
their shells, which resemble those of calcareous species. The imperforate cal- 
careous species are usually milk-white. The shell jxissesses only one or a few 
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apertures. The seedlet miliolina, previously referred to, is one of the commonest 
species ; it has a world- wide distribution from the shore to three thousand fathoms. 
The terminal opening of the last and largest segment is guarded by a branched 

tongue-like process. The Miliolite Limestone of the Paris 
Basin is 

and other Foraminifera. A considerable part of Paris is 
built of this stone, in which the tiny miliolinas can be 
distinctly seen with the aid of a lens. The porcellaneous 
Peneroplia forms a spiral, with a slit in the last-formed 
segment, through which the protoplasm of the body can 
be extruded. 

Orbitolite8y one of the Imperforata, foims discs from 
one to two inches in diameter. The shell is composed 
of a central coiled chamber, followed by concentric circles 
of chambers, the pores for the emission of pseudopods 
being situated on the edge of the disa The different 
species of Orhitolitea form an interesting series, illustrat- 
ing transitions from a simple to the most complex type. In a vertical section 
of the disc of the figured species the innermost chambers exhibit the simple type, 
later formed ones the intermediate, and the outermost scries the highest type and 
the greatest differentiation of structure. 




Orbital ites. a, From above ; 6, Transverse section (iiat. size); c, Diagraniinatic figure of scetit)ii of O)^itoliles 
comptunatiMy illusiraiing tlie transition from tlie simplest to tlie most complex type of structure. 


The shells of the perforate Foraminifera may be constructed of only one, 
but most commonly of many, chambers, an*anged according to various plans. 
The simplest type with one chamber (Lageiui) is shaped like a Florence oil- 
flask ; in many-chaml)ercd forms the segments may succeed one another in a 




Peneroplis periu&tis, a, Lateral 
view ; 6, Front view. (Mag- 
nified.) 
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straight line or in a spiral, and the coils of the spiral may or may not be in the 
same plane; or, again, the segments may form alternately on each side of a 
long axis. 

In Poh/inorplund coviwiinis the segments ai*e coinbined in a somewliat 
obscurely spiral arrangement. In the Forarninifera group a number of fojins 
have arisen exhibiting an extensive series of 
variations on a few simple types, and allow- 
ing transitions between forms which at o 
first seemed distinct. The majority of 
species live at the bottom of the sea, but 
some are pelagic, and occur in abundance on 
the surface. Among the latter, Globiger- 
iim is one of the most widely distributed. ^ 

Its shell is about one-fortieth of an inch in 
diameter, and usually composed of seven globular chambers, arranged spirally in 
such a manner that all are visible from above, but only the last four from below. 
Each chamber opens by a crescentic orifice into the depression in the middle of the 
lower surface. Perfect siiecimens bristle with long slender spines. The pores 
afford passage to the pseudopods which stream along the spines. In life, the 
shell is sunk in the midst of a bubbly spheix) of protoplasm, which serves as 
a float. The investigations of deep-sea exjieditions have brought to light 
the fact that the floor of the ocean, at depths between five hundred and 

two thousand five hundn'd 
fathoms over vast aroiis, Ixi- 
tween 110° north and south 
of the E(piator, is formed of a 
pinkish wliite m,id, containing 
on an average about CO per 
cent, of carbonate of lime. 
The presence of this material 
is mainly due to shells of 
hbraminifera, especially Glob- 
igerinidw, and, to a small 
(extent, to the remains of 
minute pelagic algai, known 
as coccosphcres and rhabdo- 
spheres; the broken fragments 
of the latter in the shape of 
discs and rods being termed 
coccoliths and rhabdoliths. 
Over the greater part of the floor of the Atlantic, and over immense tracts in the 
Western Indian Ocean and Pacific, over areas comprising in all about fifty millions 
of square miles, the ocean-bed is formed of Globigerina ooze. Chalk is mainly 
composed of the skeletons of Globigerinidce, coccoliths, etc., and, in fact, resembles 
Globigerina ooze. 

The question whether the Glohk/erinidm, which make up the bulk of the 



SHELLS OF Globigerina (much magfiiified). 


I 





PohjmoTjphina. a, ft, f, From different afipects 
(mngnifiol). 
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ooze, live at tlie bottom as well as at the surface, has given rise to much discus- 
sion. Dr. Murray has come to the conclusion that pelagic species do not live near 



PdystomeUa (raagnifled 200 diameters). 


the ocean floor. His opinion is partly based on the fact that the area of Glob- 
igerina ooze coincides with the area of surface temperature at which Globigerinas 
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are found to exist. When the surface water is too cold for surface Globigerinas, 
no Globigerina ooze is found below. Numeix)us species of Foraminifera, wliich 

live only at the bottom, and are never found 
at the surface, contribute a small percentage 
to the composition of tlie ooze, the bulk of 
wliicli is, however, formed of organisms whicli 
have rained down from the sin’faee. U'he 
deposits occuiTing in depths over two thousand 
five hundred fathoms do not contain calcan^ous 
matter. The rain of Foraminifera skeletons 
falls down from the sur/ace as over the areas of 
lesser depth, but the Ils are dissolved before 
they reach the bottom, apparently by the excciss 
of carbonic acid in the detjp zones of the ocean. 
Here the ooze is formed of red clay, — a material 
probably resulting fi’om the disintegration of 
volcanic remains, pumice, etc., and almost devoid 
of organic traces. This deposit extends in its 
more or less unmixed condition over an area of about fifty-two millions of s(]uaro 
miles, and is also present in varying proportions in (Globigerina and otlier oozes. 
In from three to four thousand fathonus in the Eastern Indian Ocean and in part 
of the Central Pacific, over a total area of alKnit two and a cpiartiT millions 
of square miles, the deposit contains a largo perccmtagi* of siliceous sk(^l(^tons of 
Radiolaria, and is termed Radiolariaii ooze. Beyoivl the northern and soutluu u 
boundaries of the Globigerina ooze, in the Arctic and Antarctic Oceans the deposit 
consists of a fine, white, chalky-looking siliceous luud, with a gr(jen tinge in the 
shallower depths, mainly composed of the frustules of Diatoms. 

The figured Polj/stoniella, which belongs to the Nummulite group (so named 
because some of the species resemble coin -like discs), is cosmopolitan, i-anging 
from the shore-zone to abyssal <lepths. Only the last convolution of tlio spii-al 
series of chambers is visible, a section of the shell revealing one or two more 
coils completely invested by the outer; the ladiating lines mark the divisions of 
the chambers, and on the last partition of the last chamlxu* is seem a seri(‘s of 
minute pores. The second figure shows th(i sarcode-body of a lu^arly relate<l 
species, whose shell has Ix^en dissolved by acid; tlio nuchms (r<) being visible in one 
of the segments. Nummulitic limestones which eo\'er an immense tract, extending 
from the Pyrenees, along Southern Europe and Ncirth Africa, through Asia Minor 
to the Himalaya, are composed of the shells of an allied gcaius {Numm/ulite^\ 
As these rocks belong to the TeHiary epoch, ami fonn some of the highest 
Himalayan peaks, they indicate how recently these mountains have been elevated. 

Sun- Animalcules, — Order Heliozoa. 



SARCODR BODY OF PohjfftOlllpUa AFTER SHELL 
HAS BEEN DISSOLVED IN ACID, a, Nuck‘118 
(200 diameters). 


These animalcules are inhabitants of fresh water; their chief character- 
istic, and the one to which they owe their name, being the possession of long, 
slender, somewhat stiff pseudopods, which radiate from all parts of the spherical 
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body, like sun-rays, as represented in picturea The common sun - animalcule 
{Actinophrys) forms a tiny translucent spherical globule, bristling with 
pscudopods, and about of an inch in diameter. The pseudopods appear stiff 
but are quite flexible, and the body contains several clear vesicles, one of 
which is usually half emerged from the body and on the |)oint of bursting ; 
the nucleus being in the centre of the body. The animal can move over a 
hard surface by the alternate relaxation and stiflFening of its pseudopods, 
and sometimes so quickly that it appears to run like a spider. When a 
pseudopod touches some small organism, the latter seems to become paralysed, 
the pseudopod approximating itself and its prey to the body, which scuds up a 



GREEN SUN-ANIMALCULK, Acanthocystis di<]ctophora (highly mngiiifii**!). 


lobe wherein the organism is enveloped. Reproduction commonly takes place by 
simple division of the animal into two. The common sun - animalcule occurs 
abundantly amongst the weeds in clear pond- water. The green sun - animalcule 
(Acantitocystis) figured above is provided with a skeleton composed of fine 
siliceous rods or rays, the inner ends of which, buried in the body, are tipped with 
little discs, the outer ends being either simple or forked. 

In another species the siliceous needles are arranged tangentially; further, 
the skeleton may bo fonned of a siliceous latticed sphere, as in the lattice- 
animalcule (ClathntHTia), which grows fixed to aquatic plants by the base of 
its long flexible stalk. The body sends its long slender pseudopods through the 
meshes of the lattice; the total length of the animal is about of an inch. 
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Sun-animalcules often form colonies which result from the buds or the products 
of division remaining in contact and partly attached. The most likely places to 
find sun-animalcules arc pools in the 

woods, where the bottom is covered \ i / / 

with dead leaves, and among aq[uatic v A \ \ I / / 

plants in ponds. Vv . \ 1 I 1/ , / / 


Order Radiolabia. 



Both alive and in the form of \ 
their skeletons many of the radiol- ^ ^ ^ 

arians are surimssingly lii-aiitiful. 

Floating on the surface of the (Xteaii, ^ A — — 

their tiny spheres oi* pyramids of — y * ^ .It-;-,, . 

translucent jelly glow with rich tints ^ ^ 

of crimson, blue, or yellow. They are ^ 

all marine, and live in zones from the ^ / i . . r'^y A 

surface to several thousand fathoms. - ^ / / j / i \\ \\ \ ^ 

Many of the surface forms avoid a / // i 4 \ \ \ 

strong light, and only appear aft(?r ^ \ J r \ \ 

sunset. Coi-tain species which live in ' ^ / /j ' 

depths b(dow one hundred fathoms, 11 

and whose bodies contain a dark /I 

green or black pigment, arc prob- a 

ably phosphorescent Radiolarians /J 

are usually known by the flinty | 

skeletons formed by many of them; I 

yet it is not this feature which pi 

separates them from the other orders 

of rhizopods, but the ix)sscssioii of a 

membranous central capsule in the — 

centre of the body and surrounding the ucK.ANmAu.uur (magniiied 

nucleus. The body - substance outside 350 diuiucUrs). 

the capsule is highly vacuolated in 

many species, and especially in surface forms. A few arc without a skeleton, and 
consist of small spherical or oval masses of soft gluey i)rotoplasm, with slender 
radiating pseudopods, and one or several central c”H)sules ; the presence of more 
fban one of the latter indicating a colonial form of gi-owtli. In a few species 
the skeleton is formed of a glassy - looking homy substance, termed acanthin, 
arranged in the form of radiating spinea 

The vast majority of species secrete a siliceous skeleton which assumes an 
endless variety of forma, such as trellis-work spheres, concentric spheres or boxes 
joined by radiating spines, helmets, baskets, kntems, Ixje-hives, discs, rings, etc. 
Haeckel has described over four thousand species, and possibly as many more could 
be added to this number. Radiolaria are divided into two groups ; in the first of 
these there is either no skeleton or one of silex, while in the second the skeleton 
VOL. VI. — 36 








i.AT'iJL'K-AMAiALcuLK, Vlaiki'vlina (magniiied 
350 diameters). 
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is formed of radiating spines of a homy nature. The first group is subdivided into 
three sections, according to the characters of the central capsule. In the first 
section the capsule is spherical and uniformly perforated by numerous small pores ; 
in the second conical, with a perforated sieve-like floor area below ; and in the 
third it has one main aperture and one or a few accessory ones, and is surrounded 
by a dark pigment. In the forms with a siliceous skeleton the geometrical 
pattern of the skeleton conforms more or less to the shape of the central capsule, 
being either spherical or conical. The central capsule is regarded as being 
homologous with the calcareous shell of Globigerina. Reproduction takes place by 
simple division into two, or by the breaking up of the body-substance into oval 
spores, each provided with a flagellum or whip. Two spores, which may be of 
similar or of different size, fuse together ; the resulting individual growing into 
an adult radiolarian. Certain yellow corpuscles present in the outer part of the 
body of surface radiolarians are unicellular parasitic algm, which can be separated 
and cultivated independently of their host. The radiolarians live floating at 
all depths. Some forms are abyssal, living in depths of one thousand to two 
thousand five hundred fathoms. Over certain areas in the Central Pacific and the 
south-eastern part of the Indian Ocean the ooze forming the ocean-bed is chiefly 
made up of their skeletons, sometimes to an extent of eighty per cent, of the deposit, 
which has hence been termed radiolarian ooze. The chalky-looking rock, known 
as Barbados earth, a Tertiary formation, is composed almost entirely of skeletons 
of radiolariana Somewhat similar deposits exist in the Nicobar Islands, in 
Greece, and in Sicily. Fig. 1 of the Plate shows the elegant lattice sphere of 
RhizosphoiTa. Fig. 2 represents Sphesrozoum, whose skeleton consists of loose 
spicules, arranged tangentially. Actinommia (Fig. 3) possesses three concentric 
lattice-spheres, joined by radiating spikea Fig. 7 represents a deep-sea form 
{ChallengeHa), whose oval case is formed of a regular, very fine-meshed network. 
Fig. 8 depicts the elegant lattice-sphere of Hcliospltixra ; wluhi Lithmjfietrpilmif 
Omniatocampe, and Carpocanium are shown in Figs 4, 5, and 6, and Clathrocyclds 
and Dictyophim'wa in Figs. 9 and 10. 

The Infusorial Animalcules, — Class Infusoria. 

The name Infusoria, which came into use a hundred years ago, was applied 
to certain tiny living specks which appeared in infusions of hay, etc. The animal- 
cules so named were classed with the worms and radiated animals, or zoophytes. 
As the microscope improved, infusorians were found to possess a considerable 
amount of structure. Ehrenberg attributed to them a highly complex organisa- 
tion, supposing them to possess intestines, nervous system, etc. Later observations 
negatived these views, and showed them to be animals formed of one cell or 
composed of a colony of one-cclled individuala It is true that this cell, or unit- 
mass of protoplasm, may show a wonderful amount of differentiation, what with its 
nucleus, contractile vacuole, mouth and gullet, its variously arranged cilia or flagella, 
its contractile fibres, its separation into an outer denser and an inner more fluid 
protoplasm, and its homy cups, stalks, etc. Most of the species here described live 
in ponds and ditches, the larger forms preferring clear to stagnant and muddy water. 
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Flageu^ated Infusouians,— O rder Flagellata. 






MAIL-COATED FiJiGKLT,ATA (highly magnified). 


The characteiistic of the ^roup is the possession of one or two flagella, or small 
whip-like appendages, at the base of which is an opening in the denser surface- 
layer of protoplasm ; a iiuclc^us and contractile vacuoles are present, and frequently 
a brilliant red spot of pigment, known as the eye-spot. The Monads, which are 
the simplest members of the group, are 
common in fresh water and in infusions; | 

typical forms consisting of a spherical 
or oval cell provided with a flagellum. 

Some species contain chloropliyl],andaro „ 

claimed by the botanists. The c.ommon 
Yolvox^ for instance, wliich forms a green- 
coloured, spherical colony of monad cells 
has been (hisci-ibed as a plant and also as 
an animal by botanists and zoologists 
respiictively. Tlici animal and vegetablt^ 
kingdoms convtii'gt*. downwards towards a 

common point, at which it is diflicult to say wlietluT the manifestations of the 
physical basis of life — i.v. protoplasm — are such as we ascribe to plant life or to 
animal life. In the case of FbZmr, the ])r(^senc^‘ of chloropliyll would at first sight 
seem to stain the organism as a plant ; but the phases of life-history are ratlier 
those of an animal organism. The collared group posst^ss cup-like collars, and 
they fj*e<juent]y secrete horny receptacles or cups, which may form elegant tree- 
like colonies. 

The mail-C()at(‘d group are of very varied form, the body being often pro- 
longed into long spiny processes. From tlie presences of C(dluloso in the cell-wall, 
and of chlorophyll in the body-substanc(', tin* proper position for tliese oiganisms 
would appear to b(! the vegetable kingdom, but taking their general lifii-history 
into consideration they may be regarded as animal organisms. They possess two 
large flagella which fit into groovevs. f V /vf/Zz/m tripos (often looked upon as 

an alga), which soiiM times forms chains of twenty or 
more indivi<hials, is pliosphorescent. 

On calm dark nights during the summer and autumn 
the surface of the sea is occasionally stien to be p(‘i*- 
vadod by a beautiful bluish or greenisli luminosity. 
The appearance of the jjhosphorescence is somewhat 
capricious, but it will b(‘st be seen on calm warm 
nights when there has lx‘en a gtmtle sea-breeze for 
ANIMALCULE^ scvcral days. This strange phenomenon lias attracted 
attention from the earliest times, but it was not till 
the middle of the last century that the cause was dis- 
covered. The luminosity is in most cases due to the presencii of multitude's 
of tiny jelly-spheres, each smaller than a pin s head. On taking up a tumbler 
of the sea water, the spheres frequently form a thick layer at the surface. By 
separating a few of the organisms on blotting-paper, the light emitted will 



PHOSPHORESCENT 

KocUluca (magnifiud 150 
diameters). 
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enable one to see the time by a watch, at a distance of a foot or more. A few 
organisms swimming or floating about in plenty of sea-room in a tumbler of water, 

will not become luminous unless the water be 



Pyrocystis (magnified 100 diameters). 


shaken about, but wlien crowded together, they 
become diflusely luminous, owing to mutual 
jostling and irritation. The luminosity in an 
individual sphere, whicli sliould be inspected with 
a lens, may appear as a sudden, genemlly diflusod 
flash, followed by darkness or by less intense 
light, or again, in the form of brilliant points of 
light. The name of the organism, which belongs 
to the flagellated infusorians, is Noctihuu. Tlie 
body forms a peach-shaped cyst, about one-fiftieth 
of an inch in diaiiieter, and with a tough mem- 
branous wall. A groove on the surface sinks at 
one end into a funnel leading into the interior. 


From the interior of the funnel there arises a large transversely striated flagtJlum, 


or proboscis, by means of which the animal swims, and there is also in the 


same place a fine whip-like flagellum. At the apex of 


the funnel there is a mass of sarcode, which extencls 
itself as a wide-meshed, highly- vacuolated network, to 
the inner wall of the cyst, where it forms a thin layer, 
whence the phosphorescence emanates. NoctUnea 
multiplies by dividing into two, or by becoming 
encysted, after drawing in its flagella, and br(‘aking 
up into numerous ciliated helmet-shaped “swarm- 
spores.” Frequently two organisms fuse into one which 
may then divide up into spores. Noctiluca is found 
only in waters near land, the related forms met with 
in the open ocean belonging to the genus Tyroeyfifis, 
In one of the species of the latter the body is spherical, 
about one-thirtieth of an inch in diameter, and without 
the big flagellum. The phosphorescence, which in each 
individual chiefly emanates from the nucleus, is dis- 
played on the (X*.ean surface on calm nights in the 
Tropica Prof. Butschli regards this species as an 
encysted or resting phase of the coniinon form- 
Noct ilum occasionally swanns in such abundance as to 
give in daytime a reddish or yellowish hue to the 
surface. Wlien the sea is rough, the organisms arc 
dashed below the surface, and do not form a sufficiently 
continuous layer to give rise to much luminosity, and 



MUSSEL-ANIMALCULE (Stylotil/chiu 
mytUua) UNDER surface. 
a. Mouth ; Contractile vacuole ; 
0 , Nucleus. (Magnified 150 
diaiuetcTs. ) 


when the wind is off shore they are blown out to sea. 

Among the Flagellata are included certain parasitic organisms, which, owing 
to their being immersed in nutrient fluids, arc not compelled to sock further for 
food, and do not possess flagella. The Gregarinai living in the intestine of the 
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lobster, is an elongated worm-likc organism al)oiit two-tliirds of an inch in length ; it 
multiplies by becoming a splierical cyst, the contents of which break up into minute 
sporo-like bodies with spindhi-shaped cases, 

which are set frecj on the bursting of tin*- . n 

cyst. Each of tlie spore - lx )dies also ^ 

ruptures and libe)*ates an anneba - like ~ 

organism, which ultimately develops into r fe-'T 

an adult gregariiia. Another species of - 

grcgarina lives in the intestines of the 1 ^ 

earth “Wonn. The Sporozoa are oval or j | 

spherical monad -like liodies, but without / ^ 

flagella, and live as jxirasites in th^i cells / 3 ^ 

of plants and animals. Cancer and certain J Mm' i 

forms of malaria havt^ bi^eii attributed to \ / 

the presence of organisms of this nature in v / 

the fluids and tissues of the. hotly. / 




Ciliated Infitsoiua, — Order ('Iliata. 


Thcungaii isms of this US. 

fj/. group arc provided with ^ 

llii llo ^, cilia, limited (dther to the 

JwHlr- undia* side of the body, or a ® Ipm 

forming a circle or sjiin — 

at one end, or arranged ||!j 

uniformly over the sur- ||jj| 

face*. Cilia are slender E,!| 

hair-likfi processes of the || f| 

body, wliich move by ||| 

bending and straighten- S/Jjj 

B themsiilves in unison • ft^ 

flagella aie laigin whip- iiei.l-antmawmji.k 

act mou Sli^litly inaRiiificd ; Mn^'uilirdOOOditiiueters ; 
mBSta intlepeiidently, tlie range n, Nuclttus ; w/, Mn.s( i«-i)ninl. 

I wfSBr motion is not so n*.- 

I stricted, and there are usual I \ only one or two jiresent on a 

I PPj? cell. A few typical and common species are descrilniil. 

I The musstd-animalcule (Sfylotnirlria\ common in stagnant 

I water, has the flattened oval body one-hundredth of an inch in 

HI length ; on the under side is a ring of cilia, and at one end a 

KODWNO nm-L-ANiMAL- funiwl -shapcfl flcprossioii or mouth 00 with ciliated mai’^rin, 
ruLK, Jipiatylis leading through the denws outer prrjtoplasm into the more 
Inch) fluid inner mass. The two dark oval bodies (c) are nuclei, 

and the clear spot (h) is the contractile vacuole which contracts 
rhythmically once in about every ten seconds. The creature can stalk along on 
the large bristle-like processes, in addition to swdmming by means of its cilia ; the 


NODDING HELL-ANIMAL- 
OULE, Jijtintf/lis 
(llilt. siztJ — 5^ Jo 
inch). 
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BOSBL’s TRUMFBT-ANIM ALCULB, Stentor (magnified 200 diameters). 


oral cilia set up currents which 
converge to tlie mouth -funnel, 
and carry in other infusoria, 
diatoms, <^tc. 

The hell-animalcules usually 
possess stalks, and are either 
solitary or fonn branching colo- 
nies. VoriicelUiy whose outline 
is like that of a wine-glass, is 
provi<led at the rim with an 
incomplete circlet of cilia, one 
end of which passes down into 
the mouth-funnel at the margin 
(r) of the disc; the stalk con- 
tains a contractile band {m) 
which produces a rapid jerking 
motion by throwing the stem 
into coils; in the body-mass lie 
the nucleus {v) and contractile 
vacuole ('?^). Reproduction takes 
place by transverse division into 
two. Ehrenberg observed twelve 
individuals to originate from one 
within twenty - four hours, so 
that, calculating on this basis, 
one million individuals would be 
produced within twenty days. 
The common-branched bell-ani- 
malcule (Carcheshimi) divides 
more rapidly, namely, once in an 
hour ; each again being soon 
ready for division, so that one 
thousand could arise in ten hours, 
and a million in twenty houi-s; 
but, as a matter of fact, only 
two hundred have actually been 
observed to have been formed in 
one day, owing to the intervals 
between successive divisions be- 
coming longer. The vigour of 
the exhausted stock becomes 
rejuvenated, however, by the 
fusion or conjugation of two 
individuals into one. 

The nodding bell-animalcule 
{Epistylia) forms little branching 



INFUSORIANS, 


567 


colonies growing on Conferva in stagnant water. When the animal is disturbed, the 
heads droop down towards the stalks. One of the forms most frequently met with 
is Carchemuviy wliose tiny branched tree-like colonies resemble moulds ; but a few 
moments’ inspection will undeceive the observer, for the little white globular stalkeci 
heads will be seen to be drawn down towards the base of the colony with a rapid 
jerking movement. 

The trumpet-animalcule (Stentor) is of comparatively large size, being about 
ono-twenty-lifth of an inch in length when extended It is usually to be found 
fixed by its pointed end on 
the undi^r side of duckweed 
Its form continually altei-s 

from a small knob wlitui ^ 

contract(Ml, to a trumpc't- \ , ^ 

shaped body when oxten<le<l ; \ \ , 

and when in motion its shape 
continually changes, being in 
turn ovoid, p^u’iform, or oven 
spherical. The surface is 
corrugated and covered with 
rows of cilia, by mt^ans of 
which tlie animal swims 
about. The long cilia at 
the upper pai’t form a s]>iral, 
within the upper margin of 
which lies the mouth -slit, 

Th(‘. mouth opems into a 
funnel, leading into the sar- 
code of the interior. The 
contrtictile vacuole lies to 
the right of the mouth-slit, 
and the nuchais forms an 
elongated beaded band along 
the length of the body. The 
ridge of cilia passing down 

vertically is the mouth- mauink anlmau clb, ylcmeto (magnified 600 diainoters), 

fringe of a new animalcule 

about to be formed by division. A cleft sinks in obliquely at one side of the ridge 
which assumes a wavy outline and later a spiral ; the ch^ft sinks, till two complete 
animalcules ar(i formed, with one-half of the nucleus, and a contractile vacuole in 
each. Now individuals may also arise by the budding off of tiny ciliated embryos 
from the nucleus. The species of trumpet-animalcule most commonly met with is 
of a brilliant green colour ; frequently clusters of them are found clinging by their 
pointed ends to the stem of a water-weed. A specimen has been cut into three 
parts, care being taken to leave a fragment of nucleus in each, with the result 
that each part has repaired itself into a complete animal; the central part, for 
instance, developing a head and a tail-end. 
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The spiral-mouthed animalcules {Spirostomum) are among the largest of the 
class, and visible to the naked eye, especially in sunlight, as slender golden thrcwls 
about one-tentli of an inch in length. The body is cylindrical, and the surface 

covered with rows of cilia; the moutli- 
slit extends along lialf the length of the 
under side, and is bordered on its left 
side by a fringe of long cilia. The 
animalcule is freciuently twisted on its 
long axis, the mouth-cilia forming a 
spiral; multiplication takes place by 
transverse fission through the middle. 

The curious marine animalcule 
Acineta is probably related to the 
ciliated infusorians. The stalked dub- 
shaped body is usually fixed on sea- 
weeds or Bryozoa. From the upper end 
a number of straight sucker-like ten- 
tacles proceed ; a nuclt;us and also clear 
vesicles are present in the body- 
substance: and the embryos an*, ciliated. 

Tlie bud -bearing Hemiophrya is 
also a marine-animalcule ; it possesses a 
few suckers and a larger number of 
longer prehensile tentacles; on its margin 
several buds are formed, each contain- 
ing a pix)ei*ss of the nucleus, and the 
young forms when liberated are ciliated 
on theii* lower surface. Tlie long tentacles capture and disable the prey, and 
bring it witliin reach of the suckers, which then suri-ouml and dissolve it, and 
finally appear to pump the newly-ac(]uireil nutriment into the general body- 
substance. 

R. KIRKPATRICK. 



BUD-BEARiNa ANiMALCtTT.E, Hmiophrya 
(highly iiiagniiied). 


a 



SFIRAL-MOUTBED ANIMALCULE, Spirostoinum. a, Nat. size. 
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A ntphipotift , 277. 
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A'lnimllarihhr., 389. 
AnfUina, 418. 
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Anaiiuaeea, 117. 
Aiieifla, 373. 
Ancisti'ofrxUh is, 337. 
Aueuia, 35,5. 
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Antedo'u, 299, 301, 

A nth^'/rwa, 93. 
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A nfhoph ora, 4 4 . 
AiUhozoa, 4iK5. 
Anthrax., 60. 

A nth ren us, 1 4 0. 

A lUh ribidnr., 1 52, 

A nlijta th aria, 510. 
AntiptUhrs, 510. 
Ant-Lions, 165. 

Ants, 27. 

Ajialura, 87. 

Ajih anipte.ra, 7 5. 
Aphidte, 196. 

Aphis, 196. 

Aphoflius, 142. 


\A7hr0dilr, 433. 

I d f‘‘triphorn, 195, 

45. 

Apimiriu.U'i, 298. 
Apion, 149, 

Apis, 4.5. 
Apla 4 ^ophi>ra, 399. 
Apfysia, 363. 

Aplyst idtv, 363. 
Apoderus, 150. 
Apoftidir, 285. 
Aporia, 92. 
Aporrhaiida', 385, 
Apon'hais, 385. 

A pus, 285. 

A roch nida, 204, 211 
A raeh noeysf is, 297. 
A rad us, 190. 
Araneir, 220 . 
Arasvhnia, 86 . 
Arbelidf!'., 103. 

A rea, 405. 

A reel/ a, 553, 
Arehite.ulhis, 334. 
Arcidir, 401. 

Arc/ia, 111. 

A rrtiidn\ 111 . 
Arctvi'idir, 273. 
Arr.nia, 436. 
Arenieola, 435. 

A ri/itrpidiv, 23 1 . 

A ryonaata, 33 1 . 
Arynlns, 283. 
Aryi/whis, 8 1 . 
Arfjyi'tmrta., 229. 
Arf/i/rtmetidir, 229. 
Ario'ji, 345. 

I Arurniilw, 315. 
Aristoe.yst is, 296. 
Ark-Sbc'lls, 401. 
Arma.dilHd.iiun , 276 
Aroniia, 1.5.3. 
Ariiiy-\Vonn, 5.5. 
Arrow - \V orin.s, 456. 
Arte'inia., 286. 

A rthrolyeosa , 221 , 
Arihropisla, 3. 

A rt i vsl if/'nia, 205. 
Aryan, 244. 

A scar is, 452. 

Aseetta., 546. 
Asfdlota, 275. 
Asellus, 275. 
Asilidir, 59. 

A situs, 60, 
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AsopUif 118. 
Asparaj^us-Fly, 71. 
Aspergillum^ 41 S. 
Aspidog(jLstci\ 4t)r». 
Aslaci^lrn., 

Aslftcopsidn", 2(>S. 
Aslacm^ 2(51. 

AstcrinSf 30.5. 

Asterimf,^ 30.5. 
Aatcroideaf 304. 
Astfumosoma, 311. 
Astresaj 509. 

AstroideSf 508. 
Astrojwcten, 30,5. 
Astropyga^ 311. 
Astrorhizat 5.5.5. 

Atd'.rf 243. 

Atclccrinus^ 300. 
AlemclcSy 135. 

Athaliay 17. 

Atltmlit, 394. 
AllatiluisR^ 394. 
Atradvnema^ 451, 
AUagcuuSt 140. 
Attclabus, 150. 

AtlUlm^ 234. 

Altns^ 235. 

Atya^ 269. 

Alypidm, 226. 

AtypuSf 226. 

Angcr-Sliclls, 371. 
AiUosloma^ 443. 
Aurelidf 492. 

Auriculity 349. 
AurieulifliCt 349. 

A uromeUdm^ 483. 
Avicnhif 407. 
Aricnlaria, 224. 
Ainculidmf 407. 
Axinellaf 542. 

JiacnlUeSf 340. 
]htlanidn% 281. 
JialmiiniiSj 150. 
Jiitlautium, 368. 
JiitlanuSf 281. 

Halatro, 446. 

JiaridiuSy 151. 
llariiacilos, 280. 
Ihisomnintophm'ay 349. 
Jlassus^ 23. 
Hath-Sponge, 5 1 5. 
Jiathycrimts, 302. 

JlaUi ydoriSf 355. 
liathy siphon, 555. 
JSdf.rachomyia, 7 4. 
JideUindea, 446. 
lieak'Sholls, 385. 

Hee- Flies, GO. 
IJeelie-do-Mer, 31 1. 
Bees, 36, 42, 45. 
Beetles, 123. 

Bela, 372. 
BrJemnitidm, 338. 
Bell'Animalciiles, 566. 
Bellinurns, 251. 
Belonogaster, 42. 
Belostonm, 193. 
Bemltecidic, 33. 
Bcmltcx, 33. 

Beror, 476. 

Beroidm, 476. 


Bihio, 58. 

Bihionidas, 58. 

Bioriza, 21. 

Bipalinm, 471. 
Bird-Lice, 176. 

Birgits, 2(52. 

Biston, 114. 

Bivalves, 401. 
Bladder-AVorni, 463. 
Blaitidm, 184. 

Blaps, 147. 

Blastoidea, 303. 
Blow-Fly, 64. 

Blue Butterflies, 88. 
Boleiophila, 56. 
Bomlmi*dicr Beetle, 131. 
Bombus, 46. 

Bovibycidss, 95. 
Bomhyliidae, 60. 
Bo7nhyx, 95. 

Bonrllia, 444, 445. 
Book-Lice, 175. 
Book-Scorpion, 237. 
Boring Sponges, 543. 
Bot-Flies, 72. 
Botlmocephalus, 463. 
BofMduruliV, 2 1 5. 

Botys, 118. 
Bongamvillm, 487. 
Bourgetia'inus, 299. 
Bralhinus, 131. 
BraeJiionus, 446. 
Braxhiopoda, 427. 
Broxhyel'ytra, 134. 
Brachyura, 255. 
BraeonidfR, 21, 26. 
Brain-Corals, 510. 
Braiichipodidtv, 286. 
Brmichipits, 286. 
Braida, 75. 

Bi'anlidfv., 75. 

Breeliites, 418. 

Breeze- Flies, 58. 
Brenthidic, 152. 
Brisingidai, 306. 
Brmopsis, 309. 
Bristle-Tails, 203. 
Bristle- Worins, 432. 
Brittle-Stars, 306. 
Bromius, 157. 
Brclolomia, 113. 
Bruchidiv, 151. 
Bmiehus, 155. 

Bm/ozfHi, 419. 
Bubble-Shells, 362. 
Buccinidm, 376, 
Buccinum, 376. 
Biitr-Tip, 99. 

Bugs, 188. 

Biflimiiiiis, 347. 
Bulimulus, 347 . 
Bulimus, 347. 

Bulla, 362. 

Bullidtr, 362. 

Bupalus, 115. 
Buprestidm, 143. 
Burnets, 102. 

Burnished Wasps, 26. 
Burying Beetles, 137. 
Buthidm, 215. 

Bidhus, 216. 

Butterflies, 77, 83. 


Bylnridm, 139, 

Byturus, 139. 

Caddis-Flies, 159. 
Calaniary, 334. 
f Wappidip, 259. 
Calcareous Sponges, 535. 
Oalcaria, 534. 

Caligus, 283. 
Call'idironiides, 153. 
Callidinia, 446. 
Callidium, 154. 
Callidulidae, 104. 
CalUpliora, 64, 67. 
Calocoris, 190. 

Oalosmna, 132. 
(■alpurnus, 381, 
Calycozoa, 495. 
Calyptrtva, 390. 
Calyptraddiv, 390. 
Camhal'ido', 211. 
Camberwell Beauty 86. 
Ca^npodea, 203. 
Caniptmotus, 31. 
Camptosoin ala, 156. 
Vancellaria, 372. 
(lancellariidii *, 372. 
(^inecr, 255. 

Caiicridu', 255. 
daponiidm, 228. 
Caprella, 278. 
VaprelUdR’,, 278. 
(hprcllim, 278. 

(^apnlm, 390. 
i\t7'ahUlm, 130. 

Cai'ahus, 131. 

(larcinus, 255. 
Carchxsimi, 566. 
dardiacea, 41 4. 

( ^ardiapoda, 39 4, 
dardiidm, 414. 
dat'dili idfP; 413. 
dardioerras, 310. 
Cardissa, 414. 
danUUdm, 410. 
dardinm, 414. 
darkiea, 268. 
daridina, 269. 
(kiriiuiria, 394. 
daruosa, 541. 

Carpenter- Bees. 43. 
(larrier-Shells, 390. 
darteria, 200. 
Carychium, 349, 
Caryocidnus, 296. 

Case- Weavers, 102. 
Cassida, 157. 
dassididm, 381. 

Cassis, 382. 
dataulus, 390, 

Caiocala, 112. 
datometopa, 257. 
datoxantlia, 143. 
Caulasfraea, 499. 
Cavolitiia, 368. 
davoliniidai, 367. 
Cccidomyia, 66. 
Cccidomyidie, 56. 
CendbUa, 261. 
Centit)edcs, 204. 
CcrUrotus, 195. 
Ccjihalopoda, 328. 
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Cephidset, 15, 

VepkuSy 15, 

Ceratium^ 563, 

Vc.raiom, 545, 
t krawhyc.ida\ 152. 
OrmfUea^ 340. 
Vr.ralitrrhhtHy 143. 
('rrmrUt, 46^. 

CerccriSf 36. 

Cercopidatiy 195. 
Cereactia, 600. 
CerianthuSy 500. 
Ccrithideay 385. 
CarUhiidaty 385. 
Cerithiimiy 885. 
Ccrmaiobi idiVy 20.5. 
CcrnLcUA}himy 205. 
Ceroplidvay 56. 

Cemray ICO. 

CcslocUiy 459. 

CcMuSy 476. 

CHhmay 84. 

CelocUUuSy 283. 

Ce itfJiorrl tpich us, 151. 
Chterncampay 98. 
ChteMfera, 415. 
Chuitoderinn y 400. 
Chnttwlcr inoli dtv, 400. 
Chn'twjvatha , 456. 
Ckaito})terul»% 436. 
Cha'taptcrns, 43t). 

Ckalcididaiy 22. 

Chaleiph ora, 143. 
Chalieodumit y 42. 
Chalina, 542. 
Ghalhwjoridy 562. 
Chamay 415. 

VhmuidfPy 415. 

Chiirffosy 114. 

Chaiik -Shells, 375. 
Cliccso-Ho]»pt!i‘, 72. 

ChcimatobUiy 1 1 5. 

Chdifcr, 237. 

Chidifrrtiy 276. 

CheJ ifrrUiHiy 238. 
ChermcSy 198. 

Cherry- Fly, 71. 
ChicoreuSy 379. 

Chigoe, 76. 

GhUuiay 352. 

Chilinklm, 350. 
Chilofjnatkay 209, 
Ghilopuda, 20 1 . 
ChilostAmuiiiiy 422. 
Chiridiiimy 237. 
Chirkiota, 312. 
Chinmnmidm, 52. 
Ch'ironow uSy 52. 
(IhirdcMthidiVy 337. 
Chirolculhisy 337. 
Vdiilon, 399. 

Ckitovidsfiy 398. 

Chilhonius, 238. 

Chlarn ifdoemiehay 410. 
Chl(imydor.(mchidfRy 410. 
ChhropSy 72. 
Ckoa.mjpomay 390. 
Chondrilla, 541. 
C/tondro})omay 389. 
Chmidrosiay 541. 
Choristiday 540. 
Chrjisaora, 492. 


ChrysidUltr.y 26. 

ChnjsiSy 27. 

67/ rystttloin //.<, .3 7 6. 

i 7/ rystH/orffou i /f /«*, 51 6>. 
f 7/ rysoinr/ idipy ] 55. 

^Uinjsirpidu'y 166. 

(fhn/sopsy 166. 

Cicmidy 194. 

Ciciuiu/.Ty 193. 

Viciiuh'Uty 1 30. 

Cicindcl ulaCy 130. 

Cigaray 297. 

Ciliatiiy 565. 

CLlix, 104. 

(JinwA’y 190. 

Girev y 414. 

Ciifular-SeHainefl Fl»rs, 61. 
Girrifiedkiy 280. 
i 'i rntfrut'nisy 331. 

Gtsfniti, 390. 

CdigradiVy 232. 

Gixi'iiSy 195, 

Gladiiclis, 500. 

(ladoccva, 284. 

Cladoctn'tt; 508. 

GfHdidact ifhxy 319. 
GladourmHy 484. 
Ci<>d(phiHrn\ 306, 3()7. 
Chuns, 413. 411. 

Glidhrid iuAt , 560. 

Ghitliu red lily 3i2. 
GlaiisUkiy 473. 

GlavaUdhiy 481 . 

GlaviUiUay 372. 
(Uiivivornuiy 135. 

Glavk/evy 1 36. 

Clear- Wings, 100. 

(Jlegg, 59. 

Glvpsiw,y 441. 

< Urpsinkltv.y 4 13. 

Glcridn'y 140. 

GlcruSy 146. 

Cliek-ih ctles, 143, 

0/iOy 368. 
ffl'knta.y 543. 

VliouEy 36»6. 
i V isiifvnwpa, 107. 

Glitknny 395. 
Clothes-Moth.s, 120. 
GInhkm'idir.y 228. 
Glyiiwirkhv.y 43^5. 

C/gtkleSy 153. 

Gnklaridy 478. 

CuccAda'y 198. 

Cocxiwillcty 158. 
iUtvciwdlklar.y 158. 
(JoccolitliH, 557. 

Gnv.CAi^y 200. 

Cochineal Inseei, 200, 
Cock<;hater, 142. 

(^of kles, 414. 

Cockrojiehe.s, 184. 
Coeoa-Kut Crab, 265. 
Giideniernlti ,474. 
Givnonyitiphay 88. 

Golcophora, 102, 122. 
GoJnpteray 123. 

(UlhjriSy 130. 

GollyrodcSy 130. 

Coloratlo Beetle, 157. 
Golossvndvisy 249. 
Columbnriumy 372. 


I Coluinhatsch Fly, 58. 
Goliimliclkiy 378. 
CvlumhcUkisi'y 378. 
Com Ilia Butterfly, 86. 
Gumiu-rllity 377. 

Cones, 370. 
('xnixIioli'pnSy ,380 
f^itnidn', 370. 
ConDpidiVy 63. 

GtnupSy t>3. 

Cirti^iSy 371. 

Gonvolukty 470. 
Gupvpoday 283. 
Copper-Butterflies, 88, 
CoimI Islands, 517. 

Co\ il -Reefs, 5i7. 

C(' jlinphila, 380. 

( iiUkrphihihry 380. 

.^diiuniy 516. 

Corals, 474, 495. 
Gorbixufiiy 414. 
Gordiltmborn, 401. 
(WekliVy 188. 

Curid'dy 193. 
(Wn-Molh, 120. 
Vimumfiiy 282. 
GoroUxeay 135. 
Gdnjmorphu, 486. 
(*osiiivl'id{Vy 240. 
('usiukiy 112. 
ihsskln.y 103. 

CossuSy 103. 

Cowries, 383. 
(Jrabi'onkliVy 35. 

Crabs, 253. 

( U'iimhrm'l i mdu'.y 501 . 
GrwmhniHkiy 501. 
GniwjoUy 269. 
(h'angmkhVy 268. 
Grankiy 431. 

Crauiida'.y 431. 

Craw- Fish, 263. 
Cray-Fisli, 264. 
CrrMaiuliiy 408. 
(.hTpidiiUiy 390. 

(JrvsviSy 368. 

Vrihrcllay 306. 
Crickets, 176. 
Grliioidvtiy 297. 
Gristxdcllity 422. 
(M)SHnrn'iiSy 35. 
Grota/in'rinnSy 301. 
(^nfvibul'Umy 390. 
Gnistncca, 218, 253. 
f -ryjitorJi Uony 398. 
fJn/jifitdcsmklfr, 21 2. 
Gi'yptnpkliv.y 206. 
GrypUpliU'y 31*8. 
i ^ryptojiSy 207. 

Gryptosirinnkt y 1 57. 
GryptuSy 24. 
f. 'fniiz'kl»% 226. 
Gtvmijthirray 52, 475. 
CiibcXy 50. 

Guv.idlanuSy 453. 
Guenmariay 312. 
Galieidspy 50. 

Gnmay 273. 

Gurnawfiy 272. 
GureuHonhliVy 149. 
Guspkiarlklmy 418. 
Cuttle-Fish, .328. 
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Cuvicriiuif 308. 
Cyamidm, 278 . 

Cjjamus, 279 . 
CyMocrimis^ 301. 
CyatJiopoma, 300. 
CyelaM.la^ U'A, 

(JycJicay 156. 

( hjrJon n^sa, 378 . 

( J yd oph or I dtt 3 S 0. 
CyclrqtUorus^ 390. 
CydopideHy 92. 

Oydops, 283. 

( \tfdorrha2iJiaf 61. 
(Jydosf,onmt 389. 
(*ydoHf.innn(a, 423. 
(^ydodoimttidii\ 389. 

( hfdipp klR\ 4 7 6. 

Cyf indrdla^ 347. 

( hjl imirdi ida'-t 34 7. 
Vyllnip.^ 377. 

CyuwtoiTih ori div^ 1 00 . 
Cyinhium, 371. 
(■yniluilLa, 368. 

( *yhi buliidtVj 368. 

( ^ymbuliopskij 369. 
Of/mothuidHif 275. 
CyiUpidiv.^ 18. 

()fnipSt 21 . 

(■ypkus, 417. 

Cyprtea^ 383. 

CyprirideGt 383. 
(*ypridina, 283. 
(Ujpruud8e.y 410. 

(Ufprhj 283. 

(Ujrenn^ 41 1. 

CyrcstiSf 86 . 

Cysticercfts, 462. 
([ystideUf 29.5. 

(/yslosnma, 279. 

Ciftliaraf 372. 

C'ytJuire, 283. 

Dams, 71 . 

J)(icfyloc(ftylr., 466. 
Daddy Loiij^lugs, .52. 
Damiina', 84. 

Jiaphnia, 284. 
Diirwindlitj .515. 
JkuHydura, 107, 110. 
Dnsypoda, 42. 

J )at{}-Sliells, 40(5. 
Death’s-Head Meth, 96. 
Death-Watch, 146. 
Dreapoda, 255, 328, 333. 
Deer-Tiejv, 75. 
Dpilpphifa., 98. 
Drlphiiiula, 396. 

JipJjdii mil ids'., 396. 
Dmiodcjp, 246. 
Jkniodicidsr, 246. 
Dcmospongiii. 539. 
J)piidrocida, 471. 
Jkndrocystis, 297. 
JJcndrouotus, 356. 
Ih'.wlrpydiyllia, 507. 
Dental Lida', 400. 
Jkntalium, 400. 
Dep^'cssaria, 121. 
jyp.rcas, 92. 

Dr./nnanyssus, 244. 
Deniuiptcra, 186. 
DcruicsleSf 139. 


Deddsp, 229. 

Dcstnesfulae, 139. 
Desmonota, 157. 

JicRoria, 302. 
J)r.rinhrandia‘ff; 366. 
Diadpma, 310, 312. 
Dimiilis, 273. 
Dimlroplnis, 21. 
Dih'aibdtiaftij 328. 

Jiiceras, 415. 

Dicranura, 99. 
Dicyeviida'i 473. 
Difiugia, 553. 

Diloha^ 100. 

Diodria, 60. 

Diplopoddy 204, 208. 
Dipilozouniy 465. 
Dlpluridsp., 225. 

Diporpa, 466. 

Dipiern, 47. 

Diplhpra, 112. 
Disco7iiPdvjta\ 493. 
DlsUmmii, 467. 
Dislonmm, 467. 
Dochmriis, 453. 
Docoylossa, 397. 

Dog- Whelks, 377. 
Ddmm.^ 382. 

DolomcdeSf 234. 
DomicklaPy 413. 
Donacinsr-y 15.5. 

Donax, 413. 

Donderskiy 400. 
Dor-Beetle, 142. 
Dorklkltey 354. 
J)oridopskliCy 354. 
DoripjtCy 260. 

Doriji^ndfr.y 260. 

Dorisy 354. 

Dorycrlnus, 302. 
Dosinkiy 413. 

])(tf.o, 356. 

I louble-W orni , 465. 
Dove-iSlu'lls, 378. 
Dragon-Flies, 167. 
Drasskltv, 228. 
IhrisHPima, 4 1 2. 
Drcisscuslkhv.y 412. 
Drppanalkliry 101. 
Drillki, 372. 
Drinker-Moth, 104. 
Droviia, 261, 

Drone- Flies, 62. 
Jlynastes, 143. 

Dysdern, 227. 

DysdrrkliCy 228. 
DytiscidfCy 133. 

DytisciiSy 131. 

Karwigs, 186. 

Earth -Worn IS, 439. 
Dastonki, 413. 

Ebulm, 260. 

Ehurna, 377. 
Kdiiiwradini ns, 309. 
Eehimfcoecv^y 463. 
Ediinodennatei,, 289. 
EdhiiwkUa, 308. 
Echiiwntdray 311. 
EcMnomyia, 70. 
Ednmrrhynchusy 448. 
EchlnoMj hsrriiy 295, 296, 


EddnothuridsBy 311, 
Eddnnf^, 444. 

Eciobkty 186. 

Eclajn'ocln,y 421. 
EiriophtMmalay 272. 
KlainpuSy 27. 

Klapkomykiy 72. 

ElaphniSy 131. 

Elat p r idee y 142. 

E/cdoup.y 330. 

Eleutlipria , 484. 

Eloaclisy 500. 

Klysidy 359. 

Eniarginiihiy 396. 
Emperor- Butter flies, 87. 
Emperor-M otlis, 93. 
Empis, 60. 

Endoproddy 425. 

EwjphiSy 449. 

Entocmididy 360. 
Entomostrupa., 280. 
Eophryuits, 240. 
Ejdiemcrdy 171. 
Ephainp-rkliKy 169, 
EphiaUts, 24. 

Ephydatia, 544. 

Ephyi'd, 495. 

KpiMelhi, 46J. 
Epiblpiimviy 231, 

Ep f p/iridca, 275. 
EpilncMtm, 158, 
Epinpphdp, 88 . 

Epistylis, 566. 

Epizody 283. 

Erchkty 88 . 

KryaJps, 153. 

Eristalis, 62. 

Eerantia, 433. 

Erycina, 88 . 

Erycinkiir, 88 . 

Erytndidm, 2(57. 
Esperifypslsy 512. 

EndutriSy 475, 476. 
EucJiromdy 142. 
Euvo})ppiKia , 283, 
Eudioerinus, 300. 
Knylyidid, 553. 

Edl ami'll i branrh lata, 410. 
Enfimkia'y 392. 
Eiuncnidee, 40. 
EupayumSy 262. 

Eiiphiiusuda': 272. 
Eujiithecid, 117. 

Enphvdy 84. 

Enplppldla, 537, 538. 
Eapoda, 155. 

Eurydema, 1 SS. 
Eiirygastci'y 188. 
EnrypteruSy 251. 
Ettscorpiiis, 216. 
EnspmKjid, 545. 
Empmujilld, 544. 
Euthalidy 87. 

EnHirid, 377. 

Evaniklaiy 26. 

Excnlcriis, 23. 
Extrae.rinuSy 302. 

False Scorpions, 237. 
False Spiders, 235. 
Farrca, 539. 

Fasciolaridy 375, 
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Fasciolariids5t 375. 
FaumiHy 386. 

Foathcr-Star, 299. 

FiffUes^ 21 . 

Fig-Shells, 383. 

Filo-Shells, 409. 
FilihraiUiliiaUi, 404. 
Fllialiita, 228. 

FilisLatid8Ef 228. 
FiliUlarisc, 228. 

Firaloidaj 374. 

Fisli-Ijioe, 283. 

Fismirella^ 396. 
Fismrcllidx, 396. 
FlabcUIfera, 274. 
Flidtellunif 505. 

Ffagellata^ 593. 

FWu, 194. 

Flat-Worms, 459. 

Fleas, 75. 

Flesh-Fly, 67. 

Fleshy Spoiigt*s, 541. 

Flies, 47, 64. 

FloacMlaria, 447. 

FlufU,ra^ 420, 422. 
Fitraminifera, 554. 

Forest- Flies, 74. 

Furjicula^ 186. 

FurJicuUda’., 186. 

Formica^ 30. 

Forniidtla^, 27. 

Four-Rayed Sponges, 510. 
Fresh-Water Sliritiips, 277. 
Fresh-Water Sponges, 544. 
Fritillaries, 81. 
Frog-Hoppers, 195. 
Ful(j(nrida\ 194. 

FuhjUTf 376. 
Fuiigus-Auimals, 553. 
Funtfia, 506. 

FungiidRi, 50(5. 
Fungus-Mi(lgc.s, 52. 

FusuSf 376. 

(;ad-Flie.s, 72. 

Ctodiniidaif 364. 

236. 

Galaomma, 410. 
Galcovxmid»\ 410. 

Gallcriii^ 118. 

(lall-Midge.s, 56. 
(5all-Wa.sps, 18. 

Gamasidii'., 243. 

Gamasv-ft, 244. 
Gammaridea, 277. 
Gammarna, 277. 

(lapers, 415. 

Ganjjtus, 238. 

Gastrsaa^ 496. 
Gnstracaidha, 232. 
Gastrocha&nd, 416. 
GastrochsRvMcc, 416. 
GtiMropaelm^ 104. 
Gaalritphilus. 72. 
Oaslrujioda^ 341. 
Gastropteraii, 363. 

Gastriila, 496. 

Chtcarcinidsiy 257. 
<}ccarein'ii,% 257. 

Gela^imun^ 258. 
Oeodephagat 129. 
GcudesmuHy 471. 


(tcocni'im^ 188. 

Gt'otiia^ 540. 

Gnunrlaniay 390. 
Groiudrtda’f 111. 
Gftqihiluliv^ 208. 

Gmplmw.^ 471. 
Gcotnipdit, 1 42. 
Gephyrea, 444. 

Gct'rL% 191. 
Ghost-Moths, 103. 
Giganio»tr(iea^ 248, 249. 
Glass-Sponges, 536. 
Glass-Rope Spongt‘, 538. 
GJmuihuiy 313. 

Glaucnsy 356, 359. 

Glcha^ 3t{9. 

Glohigcrhuty 557. 
t f/ohigrrmidti\ 557. 
Glom rida'.y 210 . 

Glome rtdcf )rit,'a\ 210. 
Glc hic. idejtm //a*, 210. 
G/onieeis^ 213. 

Glosahifiy 6S. 
(iIou-W<oiii, 11.5. 
Glyeemy 4^>r». 
Gljpfos/th.Tiit, 29.5, 296. 
GnaUUay 27-1. 

Gnalkildir.y 27 1. 

( hwlh opli aufihiy 272. 
(inats, 50. 

(ioat-Moth, 103. 

(Joliath Reetle, 143. 
Golicd.huHy 143. 

<iov iodoristy 3 55 . 
GoiduruHy 92. 

(toiiylepfida'.y 240. 

GoediidWy 455. 

GfrrdiaSy 455. 

GorgoH-itiy 51 5. 
Gonjoniidn'y 514. 
Grn'.o)fhfmufty 220 . 
Gmfdlay 470, 

Grantia, 535. 

Graph a! i lit a, 1 20. 
GrapsidfVj 258. 
GrasshopjKirs, 178. 
Grjiylings, 88. 
Greyariva, 564. 

GromUiy 554. 

Gryllida'y 176. 
Gryllolalpa, 177. 
Gryllany 177. 
Gym/iioyfossay 392. 
Gymnolivmata, 122. 

(rj/m nosomaf((.y 366. 
GyriitidiVy 134. 

GyrinitSy 134. 

llahrosynTy 100. 

Ilad,eiufy 111 . 

HtrcJccluty 476. 
JTprmaUypoUiy 59. 
ITxmobaphes, 28.3. 
Hairstreaks, 89. 
Hair-Worms, 455. 
Ha.laearid,:ry 213, 
JIalieluSy 42. 

Jlallotidu’y 369. 

JTcdiothy 369. 
llaliphynemtiy 555. 
HalobaitSy 191. 
Ilalu2)sychcy 366. 


HamiteSy 310. 
Hammer-Oyster, 408. 
JJarpiiy 373. 

UaipnXy 184. 
lJa.rpidao.y 373. 
Harp-Shells, 373. 
Harvest-Spiders, 238. 
Hawk -Moths, 95. 
Hcdychrumy 27. 
HeUearioriy 314. 
Hclkciiida\ 395. 
IJeficida'y 345. 

Ilelmpmjehr y 161. 

Jlet u'osLylay 317. 

ITeli i-plm'viay 562- 
Ilel .othrq^s, 202. 

Get >KOit.y 559. 

He! . 315. 

I' ,“'MSpiSy 251, 
Jieiniast.er, 319. 
Ilcmiaphrya, 568. 
Heuicop-.y 205. 

IfepiaJ idiVy 1 03. 
Uepia-fiiHy 103. 
lle»*enles- Beetles, 1 13. 
Jlermella-y 436. 
HermUmey 43 1. 
llermit-Cralts 261. 
llerpelocrianSy 299. 
Jlcspeeidy 92. 

Helper i /</«’, 92. 
Ile.ssian Fly, 56, 
Jleferoeieltiy 535. 
Ile.teroe.enty 92. 
Ileterodera, 451. 
Jleleromerny 117. 
//eteroiiereis, 433. 
T/efnrnjKHbty 232, 392. 
IleferopodidiVy 232. 
/lefrudesy 1 79. 
l/<>:e((hrif.iieh ns, 355, 
llexaellneKUia, 536. 
Ilexaefinia, 500. 
ire.ea.rfhr(t.y 447. 
Jfe.risopuSy 237. 
Jliberaia., 1 1 5. 

II ippare.h ia,y 88 . 
Ifijgniboscff, 75. 

If qipobttseida'y 7 4. 

// iirpmiye.h idir, 390, 
IlijrpmuiJ-y 390. 
Jlippnpus, 415. 
IfijtjHtHjHm.gi a., 5 4 6. 

// / yp nr 1 1 idiv-, 411. 
lliradineAi, 411. 
llirndoy 441. 

ITtsjniur, 157. 

Ifister, 139. 

// isfr/ridiry 1 38. 
Ilnlopusy 300. 

Iloluthv rhiy 312. 

llohtlh iir<ddea,y 3 1 2. 

//i>!nfh yrusy 244. 
Honuaiia niy 135. 
Hohmeii la, 535. 
ll.mey llee, 38, 15. 
Ifnrmlph(tra.y 476. 
ilornel, 41. 

HiM’iiy Gorals, 510. 
Horny Sponges, 515. 
Horse-Flies, 58. 
Horse- Sponge, 545. 
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Hotinua, 149, 

House- Fly, 64. 

Hover- Flics, 62. 
Humblo-ilee Flics, 62. 
Humble- Bees, 46. 
HyalocyliXf 368. 
Hyalonc'inaf 538. 
Hydra, 491. 
HydrachinidfCf 243. 
Hydractinia, 487. 
Hydrobiidie, 387. 
Hydrocorallia, 488, 
Hydrocorisn^ 192. 
HydrodepJutgaf 129. 
Hydrmnedusm, 484. 
HydrometridfB, 191. 
Hydro^ihilidm, 140. 
ITydropanchids&t 162. 
HydroptUidaif 162. 
JTylaBUH, 42. 

Jfylobius, 149. 
Jlylotouuiy 17. 
Ilylolrapcs, 154. 
Hymenoptera, 11, 14. 
ITypcnidm, 118. 
Hyperammiuay 555. 
Hypcriim, 279. 
JTyperotm, 417. 
HypochilidiCf 227. 
HypochiluSj 227. 
Hypodernm, 73. 
Hyponomentn, 122. 
HyitsUite, 111. 
Hyptiotrs, 230. 
Hystricrinus, 302, 

Janthella, 545, 
Janthina, 392, 
lanthinidte, 391. 
Jbaetts, 263. 
lhalia, 21. 

Jeerya, 200. 
Ichibeumoa^ 24. 
Jchiicuniori- JVoifps, 23, 
JchiicuDwihidm, 23. 
Jdalia, 355. 

Idotea, 273. 

Idotcidaa, 273. 
Jlloricata, 446. 
Imparforidaf 554. 
InmquipcUpidy 162. 
JaferobranchUiliiy 355. 
Infusoria, 562. 

Insects, 1, 5. 
lo, 386. 

Jphiycnla, 413. 
Jsidogorgia, 515. 

Isis, 516. 

Istncnia, 400. 
Isucardia, 410. 

Isopoda, 273. 

Issns. 195. 
liilUim, 211; 

Iiiridte, 215. 

I. codes, 244. 

IxodidtB, 244. 

.faveliii-Wasj), 20. 
Jelly-Fish, 474, 481. 
Jigger, 76. 

Jiiniala, 376. 

Janonia, 86. 
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King-Crabs, 248, 249. 
Kitten-Motli, 100. 
K(£iienia, 220. 

Labidura, 187. 
Lace-Corals, 420. 

Lace- Wing Flies, 166. 
Lachnm, 198. 

Lac Insect, 200. 
Lackey-Moth, 107. 
Lacuna, 387. 

Ladybirds, 158. 
Lmmeardium, 414. 
Lagcfncb, 556. 
Lamhidinni, 382. 
Lamellieamia, 141. 
Lamia, 154. 
Lamp-Shells, 427. 
Lampyridm, 145. 
Lampyris, 145. 

Land- Bugs, 188. 
Land-Crabs, 256. 
LaniaI.orcs, 240. 
Lauisles, 389. 
Lantern-Flies, 194, 
La])])et-Moth, 104. 
Larentia, 117. 

Lwsia, 158. 
Ijosioeampidsc, 104. 
Lasius, 136. 
LcUerigradm, 232, 
Lathr^ctm, 230. 
LaJtirus, 376. 
Leaf-Cutter Bec.s, 43. 
Loaf-Fleas, 195. 

Ijcaf- Insects, 182* 
Lcamler, 269. 

Lcdra, 295. 

Leeches, 441. 
Lcpadocrinm, 296, 301. 
Lepa^, 280. 

Lepcla, 297. 

LepedittV; 397. 
Lepklonienia, 400. 
Lcpidoj}tera, 77. 
Lepidoieidliis, 336. 
Jjcpidunis, 285. 
Lep-isma, 203. 

Lcjtrafia, 420, 423, 
Leptinstarsa, 157. 
LeptoccrUlm, 162. 
Leptifcoiichas, 380. 
Leptodora, 285. 
Leptonidse, 410. 
LepUytenus, 506. 
Lepiopoma, 390. 
Leptostram, 280. 
Lepturides, 163. 
Lemma, 283. 
Lcrrtmoneina., 283. 
Lcucifer, 271. 

Leucopifis, 22. 
Lcucosndm, 260. 
Leucmolenia, 535. 
Lencozmiia, 375. 
Ldtellida, 168. 
Lihellulitim, 168. 

Lice, 201. 

Lufta, 276. 

Lima, 409. 

Limaeidm, 344. 
Liimtcina, 367. 


Limacinidm, 367. 
Limaeodidm, 104. 
Limapimlia, 359. 
Limax, 344. 
Limenitis, 86. 
Limidm, 409. 
Limnma, 350. 
Limnmidm, 350. 
LimnobateJt, 191. 
Limnoduires, 243. 
Limnophilus, 161. 
Limnoria, 275. 
Limopsis, 405. 
Limpets, 397. 
Limulidm, 251. 
Limvlus, 249. 

Lina, 157. 
Linguatiilhia, 247. 
Lingula, 431. 
Lingulidm, 431. 
Liind.mAiia, 208. 
Linyphiidm, 230. 
Liphistiidm, 224. 
Lipthisiius, 224. 
Lipmeufm, 502. 
Lipoptena, 75. 
Lithistida, 540. 
Lithobins, 205. 
LUhodumuA, 406. 
LUtorina, 38G. 
Littm'ivMiv., 386. 
Liver-Fluke, 467 
Lobiger, 364. 

Lubosa, 552. 
Lobster-Moth, 99. 
Tiob'sters, 253, 263. 
Locusta, 179, 
Loeuslidm, 178. 
Locusts, 179. 
Loliginidm, 334. 
Loligo, 334. 
Lomeehusri, 135. 
Looj)or-Moths, 114. 
Lvphogastci', 27 2. 
Lophyriis, 16, 23. 
Loricaia, 446. 

Lowest Animals, 550. 
Loxosmna, 425. 
Lucanidm, 140. 
Lucanus, 141. 
Luenpina, 397. 
Lucvrmiria, 495. 
Lucicola, 145. 
Lucilia, 07. 
Lucinidm, 410. 
Lufforia, 545. 
Lumhrieidm, 439. 
Lmnbricus, 439. 
Lycmna, 89. 
Lycmnidm, 88. 
Lycidm, 144. 
Lycosidm, 233. 

Lyda, 16. 

Lygmidm, 189. 
Lygmvs, 189. 
Lymantria, 107. 
Lipnantriidm, 107. 
Li/mnophiUdm, 162. 
Lys:losquiUtt, 272. 
Lythria, 117. 

MoAihilis, 203. 
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Ma/^ochira^ 259. 
Macrodontia, 153. 
Maeroylonsa^ 98. 
Miicropodia^ 259. 
Miicruraf 2C1. 

Mi\dra^ 413. 

Mactridaiy 413. 
MadrejK)res, 607. 
ModjUnSi 380 . 

Magpie- Moth, 110. 
Maia^ 259. 
Malacohdellrt, 458. 
Malodiodcrmala^ 144 
Malavustrcuca, 254. 
Malhtia, 401. 
Mnllmis, 408. 
MallvpUatja^ 176. 
Miingilid, 372. 
Maiigo-HutterHics. 87. 
183. 

MantiSf 184. 

Mantis- Flics, 104. 
Mant/ugiuia^f 104. 
Mantia-ShrimpH, 272. 
Map- Butterfly, SO. 
MargincMa., 371. 
MtirijiimllidiK, 374 
MiirsupitAiSy 299. 
M(irtc»ia; 41 fi. 
Mdsarulm, 40. 
Masoii-Bcos, 42. 
MaliUUlnr; 259. 
May-Flies, 103, 169. 
Meal-Moth, 118. 
Mcal-AVorin, 147. 
Mmndriwi^ 610. 
Medceliii, 467. 
Meconcma^ 179. 
Medusiu, 492. 
MegackilCf 42. 
Megalasnui, 281. 
Mrgalalrachuff 370. 
Mcgalomositoynn , 390. 
Mcgaloptcra^ 104. 
Mclannrgui^ 88 . 
Mchnua, 386. 
Mclmiiidw^ J»86. 
^f(innippe, 177. 
Mclanopsis, 386. 
Mflnmtho^ 388. 
Melihc, 356. 
Mdeagriim, 407. 
Mdiecrliiy 447. 
Mdigethes^ 139. 
Mdina^ 408. 
Mdipinna^ 45. 
Mdiisbo,^ 86 . 
Mellinnn^ 35. 

MelOCy 148. 

Mdoidm, 147. 
Mdongemy 376. 
Meloloiiikvmr.j 142. 
Memiisy 456. 
Mermithidaiy 456. 
Merostomata^ 251. 
Mesites, 295. 
Menodes'niaiidaey 413 
McsosteuiCSi 24. 
Mcsostonvuiii', 469. 
Mesothelas, 223. 
Miantor, .57. 
Microchs&tdf 439. 


Mierngofttery 26. 
Microlcjiidopltnit 118. 
Midges, 62. 

654. 

Millericrinuity 299. 
Milli^Mides, 204, 208. 
MUneria, 410. 

Mites, 241. 

Mitra^ 376. 

Mitridm^ 375. 
Moggridgea, 226. 
Mole-Crickets, 177. 
MoUmca, 320. 
MoIluscouUay 4 1 9. 
MolurdiUlcSy 153. 
Monads, 663. 
AJi)iiAU‘onid.(iy 641. 

562. 

MoHomiiliiSy 487. 
Mnvt'Xoiiffy 496. 
Mortoy 382. 

Mormol tjtdiy 132. 
j Morph\ 87. 

Mosquit oes, .50. 
Moss-yVnimals, 419. 
Moths, 77, 92. 
Mud-Wasps, 40. 
AfuUniiiy 413. 

Murejc, 379. 
Muric<mLk(iy 379. 
Miiricidd'y 
Mmcay 64. 

AJmddsty 61. 
Musk-Beellc, 153. 
Mussels, 405. 
AlulduUv,, 410. 
MutiUiiy 32. 
AlulUlidtr.f 32. 

Alydy 415. 

Afyarfdy 415. 
Afyadimiy 417. 
AfgcctojdUlidiVy 52. 

Alycelopiaty dll. 

Afijcdozmiy 553. 

AIyii(tAty 60. 

Alyidni. 415. 
Alyudiamay 417. 
A/yodfgtlcSy 246. 

AfyriH tronjd m . s , 3 1 . 
Afyruidvmiy 165. 
Afyzostonuty 440. 
AfyzoHLovi(didn\ 4 10. 
ATyrtadoniidsCy 105. 
AiyrliiUy 226. 
AlysidH'y 272. 

AfysiHy 272. 
AlytHidir.y 40.5, 
MylUdUy 405. 

Nadidy 101 . 

Nais, 440. 

Ndssdy 378. 

J^Uissidx, 377. 
Ndticdy 391. 
Adticid/V; 391. 
Adupliiifty 253. 

Aausitoridy 417. 

Anufilidn’j 338. 
NantilnSy 339. 

NehaUdy 280. 

A'ehdlugi»isy 280. 
AecrophagUy 135, 


Afcro/thoruft, 1 37. 
Aeq/daliity 154. 

AeideSy 189. 
Aemdocerdy 68 . 
Acinaiohdni iiUheSy 448. 

Xcmatoidcdy 449. 
NcniatojcySy 449. 
Nemeohiu^y 88 . 
Ntinertiiicd, 467. 

A'cmc^idy 226. 

Ncmobtmy 177. 
Nmirptcridsr.y 1 64. 
aVr hnccinuhiy 377. 
Acomeuia 400. 

As 'co m cniiiUVy 400. 

A -othdumay 388. 

'p(ty 192. 

As! yheliSy 443. 

' . /'imps, 26 I. 
A.vphrosidiVy 264. 
Acpid.my 192. 

Neptune’s Clip, 6-13. 
Acrciiiaiy 431. 

Acre is, 434. 

Acrltd, 396. 

AvritidWy 395. 

Ai ritiim, 395. 
Acirrmria. 113. 

At unpfvvdy 159. 

At upurtiidiVy 206, 
Aisttnituit’s, 92. 

A ilidnl idn'; 139. 
Aocdlnm. 561. 

Aoduidii’y 111. 

Aiyts, 227. 

Aolcm, 446. 
NutiqddlnSy 131. 
Aot(sl(nitiiy JOO. 
Aotodonlidir, 99. 
AofmninMu, 446. 
Aokiiu'cfdy 193. 
Aotov^didtVy ] 03. 
Andcobrdvdi iafjty 392. 
Ancuhi, 403, 

Auculidsp, 403. 
NucuUiuty 401. 

Aud ibrduch iald, 353. 
Anmmv I Ucs, 55 9. 
Nyctcribin, 75. 
NycUribiidiv, 73. 
AyHijihaV'CSy 271. 
AytnpliuUdH', 84. 

Oak-Kggar, 104. 
Obisiiditiy 238. 

Obisium, 238. 

(Jcnf'ridy 107. 
OcldA'liniay 51 1 . 
Onltgmldy 328. 
Oclo/mdultVy 328, 
(MtgniSy 328. 

(/culaUy 191. 

Oq/fsnidy 257. 
Ory2KsUdiVy 257. 
OnypuSy 135. 

Odonaldy 167. 
OdoiwsliSy 105. 
Odyncrus, 40. 
iPAotdovuiy 32. 
(JCstridiBy 72. 

(EslruSy 73. 

Oil- Beetles, 148. 
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Oligochaita^ 439. 

Olivny 373. 

Olive-Fly, 71. 

OlivcUny 373. 

Olives, 373. 

OlivCdir, 373. 
OnimatostrephcSy 834. 
()mp}uilotr(piHy 390. 
OncMUdm, 349. 
(hiiscoidcay 275. 
Chiiscusy 276. 
Onychotcuthida&, 337. 
OnychoteuthiSy 337. 

Ooiuijjidmy 228. 
OphiactiSy 315. 
OphiothriXy 307. 
Ophiuroideay 306. 
OpilUmcSy 238. 
Opisthohranchiatay 352. 
Opisthoporusy 390. 
OpUilhoplithalmmy 216. 
OpistholhclsRy 224. 
OrhitclarisCy 230. 
OrbUoliteSy 656. 

Organ- Pipe Coral, 617. 
Oryyyiity 107. 
Orihatidmy 245. 

OrniarSy 396. 
OrnUhoctoninXy 225. 
Ornithoviyiay 75. 
QniUhojdertiy 91. 

OrtaliSy 72. 

Orthcsidy 199. 
Orth-oceraSy 339. 
Orthoceratidx.y 339. 
OHhoncctidsey 473. 
Orthopteray 159, 166. 
Ortho rrhwphity 50. 
Omnia y 42. 

Odracoda, 282. 

Odredy 408. 

OdrriilfKy 408. 

Otopomay 389. 

Ovuldy 383. 

Owl- Moths, 111. 
Oxopmiy 218. 

Oxyhrlus, 36. 

Oxygyni^y 394, 
OxynoidfVy 364. 

Oxyrh yn ch 259. 
Oxydomatay 259. 
O.cyari^y 453. 

Oysters, 408. 

rachymcrmy 16. 
PaxhytyluSy 181. 
Painted Lady, 86. 

VtdmohlatUmiy 166. 

Palscmony 269. 
Palmmonidii'y 269. 
PalmoplioiuiSy 215, 
]*aUnurid«iy 263. 
7\ilinuruSy 263. 

Paloloy 434. 

PalpatorMy 240, 
PatpicornrSy 140. 
Palpi(fi'ndiy 220. 
PaludicMiy 422, 424. 
Palyde^y 232. 

Palythody 503. 
Pamphila, 92. 
Pandalidm, 270. 
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PandaluSy 270. 
Pandordy 417. 
PandoridsRy 417. 
Panorpay 163. 
Panarpidte-y 162. 
PandAypoddy 248. 
Papilioy 91. 
Papilimiidaiy 91. 
l^ramcnia, 400. 
Paranebalm, 280. 
Parargdy 88. 

ParasUdy 360. 
Pardstaeidd'y 268. 
Pdrlhcnojmdy 282. 
Parthxnopidfey 260. 
PassalidsRy 141. 

Palelldy 397. 

PaMlidsSy 397. 
Pduropoddy 213. 
PaiufsidaCy 136. 

PausstiSy 136. 

Peacock- Butterfly, 85. 
Pea-Moth, 120. 
Pcarl-Musael, 412. 
Pearl-Oysters, 407. 
Pectetiy 409. 
PrcUmbrdncJticUo-y 37 0. 
Paclinicomidy 140. 
Pectinidmy 409, 485. 
PreiiSy 486. 

Pectmieul/uSy 405. 
PetUdiuniy 447. 
Pedicularidy 384. 
Pediculhuiy 201. 

PedipaZpiy 217. 
Pelagdkuridy 313. 
Peleeypoddy 401. 
Pelican’s Foot, 385. 
PclUbranchiaidy 359. 
Pcloniyxdy 552. 
Pdtogadery 282. 
Pcnseidcdy 270. 

PenmtSy 270. 

Pcmnqdixy 556. 

Pcmmtiddy 613. 

Pcnudtulidmy 511. 
Pcniiclldy 283. 
PentdxrinuSy 298. 
Pmddinfrdy 129. 
Pentaslomiddy 247. 
Pfintdsloniuniy 247. 
PentMonidy 188. 
PciUalomatidfKy 188. 
PcntrcmiifXy 303. 
Pepj)er-Moth, 114. 
PerdcliSy 367. 

Pcrforaldy 554. 
PcripaJtidsRy 287. 
PcrXpdtoidcSy 288. 
Pcripdlopsisy 288, 
PeripaldSy 288. 
Periphragelldy 539. 
Pcriphylidy 494. 
Periplanetdy 185. 
Periwinkles, 386. 

f*irldy 172, 

PerlUisRy 171. 
PetdlofriniMy 301. 

PetiolatAiy 17. 
Phdldmjiidtey 241. 
PhaZnngiumy 240. 
Phdlerdy 99. 


Phasculoswiidy 444. 
Phwsianclldy 395. 
PhasmalidfBy 182. 
Pheronemdy 539. 
PhilaiUhidmy 36. 
PhilanthuHy 36. 
Philinty 363. 
Philinidmy 363. 
PhilodromuSy 344. 
Phlmobiumy 135. 
Pholdddcndy 416. 
Pholddidspy 416. 
Pholadmnyay 418. 
PholaSy 416. 

Phvlddspy 230. 
PholcuSy 230. 

Plwsty 377. 
Phrcdloicidcdy 276, 
PhrcaloicnSy 276. 
PhrcorycU’.Sy 440. 
Phranirndy 279. 
Phrygane idtCy 161. 
Phylactolxtnatdy 421. 
Phyllklidy 355. 
PhyllirhtUiy 358. 
Phylliumy 183. 
Phyllodoca, 434. 
Phyllodromidy 1 85. 
Phyllopoddy 285. 
Phyllotrctiiy 157. 
Phylloxerdy 197. 
PhymoHorndy 444. 
Physdy 351. 

Phymlidy 482. 
Physidniy 350. 
Physiphordy 481. 
PhysophoridiXy 483. 
Physirpsis, 351. 
PhyhMurridWy 190. 
PhytoctrriSy 190. 
Vliytophmidy 155. 
PhytApt/idiKy 246. 
Phyto2)tu8, 246. 
PilUiiuiny 458. 
PilocydWy 297. 
Pimptdy 25. 
fHmplariinfP, 24. 
Pine-Moth, 112. 
PinnoctopuHy 331. 
PimwthcridXy 259. 
Piiydiila, 72. 

Piriddy 383. 

Pisania, 377. 

Pisaurdy 234. 
Pisauridmy 234. 
Pis^Utiumy 414, 
Plaeuiuiy 404. 
Plagiodanuiy 410. 
PlagiixhirifXy 230. 
Planar idiiSy 471. 
Plmwsy 259. 
Planipennidy 162. 
Planoi'hiSy 350. 

Plant- Bugs, 190. 
Plant-Lice, 196. 
PlatycrinuSy 299. 
Platyhclminlhesy 459. 
Pl(Uy pared, 71. 
Pldt-yrrhachus, 212. 
PlenrobraiudiUliCy 361. 
Pleurobrawhuay 364. 
ncurophylliddy 855, 
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Plmrotmnay 372. 
PUurotomariaf 396. 
PlcurotornaHida'., 396. 
Plcurotomidse, 872. 
Plocatiwphorm^ 355. 

Plmrna, 446. 

Vlume-Motlia, 122. 
Pl'iUoniumy 206. 

PnemruMlentiay 366, 
Pnrtimoray 182. 

PodoiiccruSy 278. 

Putluniy 203, 

Pmcilothcria, 224. 

Poliity 458. 

Polyhranrliiala, 3.56. 
Polycat’piiu'u.y 270. 

PolyceliSy 471. 

Polyccnty 355. 

PftlycfirldaSy 355. 

PolychfeiMy 433. 

PolylopIviiHy 539. 
PotyomhuvtiLSy 89. 
PolynKnyhiiMy 557. 
Polypariumj 501. 

PulypliliiCdy 100. 

PolyphyUiiy H2. 

Polypi acoph nra y 398. 

Pol ypoim'ditfiaoy 481. 
Polysiphouitty 502. 
PolystoimsHy 464. 

Pol ysUnuclUiy 559. 
PolysUmooiy 466. 
Polytrmmrlny 396. 
Poty,iro/idfry 209. 

PohfxcmiSy 209, 212. 
Polyzouiuiiiy 211, 213. 
PovipilidXy 33. 

PoiKl-Sriails, 350. 
Poidarnchnfij 243. 
PiNUoUiclltiy 444. 

PoiUonia, 270. 

PoiUoniida’y 270. 

Porcelain ButlcrHies, 86. 
Ptrrccllaiui, 261. 
Porccllaiuisfer, 296. 

Porcellio, 276. 

P(n 'OiiidariHy 310. 

Porocridus, 296, 304. 
Poroniya, 418. 

Porohiyida'y 418. 

J^orlh^sia, 110. 

PortiigncHc Man-of-AVar, 182. 
PoriunidEPjy 256. 

PortumiSy 256. 

Potamidesy 385. 

Potaviobuty 264. 

PotaouMidm, 264. 

Potato- Beetle, 157. 

Poterium, 543. 

Pourtalcsiay 309. 

PritsinUiffy 407. 

Prawns, 269. 

Praying In.seets, 183. 
PrUtpalulXy 445. 

Priapulmy 415. 

Primituty 153. 
Procession-Moth, 106. 
Proctotrypidmy 22. 
PrornadlwcriniiSy 300. 
Prominents, 99. 

Prmieomeniay 400. 
ProsobranrJiuttay 369. 


ProstellariOy 385. 

Prostomumy 470. 

J^roicolcjiHuty 282. 

Protolmviic/ikUiiy 403. 
ProtulimiiluSy 251. 

JVotwiiyxay 552. 
Prototraclieatxiy 287. 

Protozody 550. 

Psamtnohiay 415. 

Pmmmohi ida^y 415. 
Psahiphida'y 136. 

Psdaph oyiw ikOy 209. 
Psc.iuiidiiytSy 226. 

Psc n dula Hi cllih ranch iohiy 407. 
Pi^t'. iuloouiriji nrlUiy 374 . 
Pficiulonr III opUtrn , 167. 

I pKviuhiphaiuiy 195. 

/ ‘si udoscorpi onrSy 23 7 . 

J V n.dolrrri fi‘luri:*\ 22 7. 
/\s()riila'y *75. 

J*si>t‘iis, 176. 

J'MlnSy 312. 

Pay die y 102. 

, Psyehida'y 102 . 
i Psydi ropo/rsy 313. 

Psyllay 196. 

i Psyllida y 195. 

Ptnioy/usmy 391. 

/*fn'ocera4<y 385. 

P/erocyduSy 390. 

Pfrroidcs, 513. 

J*fcromal idtVy 21 . 

PteromMnSy 23. 

Pfrjviiofnis, 379, 

PtfinpoiLay 365. 

PtcruphoridsTy 122 . 
PicrophoniSy 122 . 

J^feroHoniUy 391, 458, 

I PferothymibiUiVy 111. 

J*h' rotradu’iiy 394. 
J*terotniduUda'y 394. 
]*kry(johiSy 251. 

JVnidaiy 146. 

JHihWty 146. 

Pnlej'y 76. 

PiilicidECy 75. 

Jbiliiioiidfn.y 342. 

J’lmcttire/lOy 397. 

JUipdy 347. 

I PapidiFy 347. 

1 ]*i(plmiy 390. 

I Paplparay 74. 

1 /Uirpuniy 379. 

Pusioitdlay 372. 

J’uss-Moth, 99. 

Pyauitjoiimiij 248. 

J*ylofoiiuiy 388. 

J'yralida'y 118. 

Pyranwisy 86 . 

PyramiddlidXy 392. 
f^yraztiSy 385, 
j Pyrocydisy 564. 

PyropJuirm, 144, 

PyrrhtiForixfy 189. 

Pythiiiy 349. 

Padiolaridy 561. 

JiadiiiSy 384. 

JiiufodiSy 500. 

JUi'iuttrUy 192. 

Panclldy 381. 
i Jiawjidy 413. 


Pidpandy 380. 

Razor- Shells, 415. 
Hediizia, 392. 

Red C/oral, 516. 

Jlcdiuy 468. 

Jlcduviida'y 191. 

I Pcdiivins, 191, 244. 

I Ilequichidy 415, 

Udepordy 420, 423. 
llHhuiy 119. 

JltiUeldria\ 230. 

I lihahditiiy 461. 

lihakd'co’ldy 469. 

I RhabdoJiths, 557. 

I Ilhfibdt'iu'may 451. 

Ixhaci, ' Jomiy 372. 
JUmijiitiiiy 154. 

Jlhavl'. mty 163. 

A7.'. , 236. 

Rhiiioeeros-lh'i'lle, 1 13, 
Iihipidinsy 147. 

Pli i pidoylosHdy 394 . 
Pkipidophoridiv, 147. 

Ilk ipidoph oi-HSy 147. 

, Ithizoeephald, 282. 

I UhizoduliiSy 380. 

I PhiziH'i’inuSy 29'^. 
j llkkuptulfty 552. 
j Jthizospha'rdy 562. 

; PhPodotna, 492. 

1 PhizdOy 447, 

' HhizolroijUHy 142. 

! I*lioifUr.Sy 19. 

I Hhoiloeemy 92. 
j Phopahnrrdy 83. 
IthopalfxlinUy 3J3. 
IlhopaJnrdy 473, 
lUiyaeophilidiFy 1 <) 2 . 
llhyudiitesy 150 . 
llh yndi ncindcsy 2<>9. 
Phyndiondhiy 428, 430. 
Ph yiidionellidaiy 428, 430. 
PhyndifijihurnHy 1 52. 
Phyndiiddy 159 , 187 . 
Piclnidciy 241. 

Phnnldy 397. 

Pi mjieiildy 363. 

PiniVKiy 387. 

Piasoida'y 387. 
Itiver-Mussels, 411. 
llohl XT- Flies, 59. 
Rock-Lohsiers, 263. 

Jhrtdy 413. 

Piilifeniy 445. 

Round- Worms, 418, 

Rove- Beetles, 135. 

PnfUidy 71. 

Sahdldy 438. 

; Sin't'iH'onidy 301. 
j Saenilinay 282. 

Sinjii I'fiti, .503. 

Sdy{f.f(t.y 457. 

Soyrdy 155. 

SaJJiiy 191. 

SaldideFy 191. 

Snltiyradaiy 234. 
Saiid-Flies, 58. 
Sand-Hoj»]>er, *277. 
Sand-Worm, 435. 
SajirinuSy 139. 
Sarcaphaydy 67. 
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SarcopaylUdsey 70. 
Sarcojyst/llus, 76. 
ilareojytfiSf 246. 
SareqptidiBf 240. 
SatimiUi^ 94. 

SatumiidiPf 90. 
fiatyrhm^ 84. 

Haityru8f 88 . 

Saw-Flics, 15, 16. 
Saxicava^ 415. 
SaxicavideSf 415. 
Scale-Insccts, 108. 
Scalaria, ^92. 
SccUariidsa, 892. 

Scallops, 409. 
ScaphaTiderf 361. 
ScapJiupoda, 400. 
ScarabmtSf 142. 

ScariicSf 132. 

Schc/ndyla^ 208. 
Schistocerca, 181. 
ScJhizocfiUon, 399. 
Scliizogloasa, 343. 
Schizmiotidt^t 218. 
Schizmiotua, 218. 
SchizojHHla, 271. 
tSchizofUohia, 470. 

Seiara, 55. 

Scirtopoda^ 447. 
tScissureUa, 396. 
JSckrocrangon, 569. 
Scle.rotliammiSy 539. 

Scoh f ndariidiVj 413. 
Sciilutiy 33. 

Hcoliidx^ 32. 

Scolopcudra^ 206. 
Hcotopemlrella^ 208. 
Scolopetidridm^ 206. 
Scolopocryptopula'f 206. 
ScolytMlfe, 152, 

Scorpio f 215. 

Scorpion- Flies, 162. 
ScorpionidH’.j 215. 
Scorpions, 204, 214. 
ScUopIanay 313. 
Scwhicularia, 413. 
Scxvtellcni, 188. 
Scatibranchiata, 394. 
Scut i<f era f 205. 
SciUUjerid8\ 205. 
SctUunif 397. 

Scylltm^ 356, 359. 
ScyllaridtCj 263. 
^cyllaridea, 262. 
Scyllarusj 263. 
Scyphistoum^ 495. 
ScyphouiedtMfP, 492. 

Sea- Anemones, 474, 495. 
Sea-CiiciimborH, 312. 
Sea-Fans, 514. 

SeA- Hares, 363. 

Sea- Mats, 420, 422. 

S(«i- Mouse, 433. 

Sea- Pons, 511. 

Sea- Slater, 276. 

Sea- Spiders, 24 S. 

Sea- Urchins, 308. 
SegeiftHa, 227. 
SeivnocosmihiH'j 225. 
Semifmm^ 376. 
SeTUjtereJla^ 539. 

Sepia, 337. 


Sepiidtr, 337. 

Sepiola, 336. 

Sepiolidsc, 336. 
Septibraiichiata, 418. 
Sergestidee, 271. 
SerieoHtomalidtc., 162. 
Ser(kid<E, 274. 

Serolis, 274. 

Serpula, 438. 

Serpnlidtc, 437. . 

Seal idle, 100. 

Shelled Slugs, 343. 
Shell-Fish, 320. 

Ship- Worm, 417. 

Shnmps, 268. 

SudiM, 163. 

Sialia, 163. 

Sioi/onU, 502. 
Silk-Spinners, 95. 
Silk-\Vomi, 95. 

SUpha, 138. 

Silphidse, 137. 

Silver-Fish, 2Q;i. 

Simulia, 58. 

Single-Rayed Sponges, 541. 
Sijmo, 376. 

Siphomiria, 364. 
SiphonariUhv, 364. 
Siplmiophm'a, 211, 481. 
Sipuiienliis, 444. 

Sirex, 16. 

SirieUlx, 16. 

Sironidw, 240. 

Sialruvi, 380. 

Sitoiica, 119. 

Sitojdu/us, 151. 

Six-Rayed Sponges, 536, 
Skipp«T.s, 92. 

Sliuumia, 251. 

Slugs, 344. 

Snverinthns, 97. 

Suiicra, 22. 

Snails, 345. 

Snake-Flies, 163. 
Snout-Moths, 118. 

Sock'll Wasps, 10. 
Solariida', 387. 

Sol art not, 387. 

Solcnidx, 41 5. 

Solc'tiomya, 404. 
SolenQOi2/uln\ 403. 
Solifitgx, 235. 

Solitary Bees, 42. 

Solitary Was[)s, 40. 
Soipwja, 235. 

SulpugU(8\ 235. 

Sparaama, 232. 
Spat1iegaMci\ 19. 

Sphterium, 414. 

Sphieriniia, 274. 

Sphacroui idee, 27 4. 

Sph S' rot her in m, 21 0. 

Spbmr alarm, 452. 
SphegidPT, 34. 

Sphr.v, 35. 

Sph ingidtr, 95. 

Sphinx, 98. 

Spiders, 204, 220. 
Spider-Shells, 3S5. 

Sp i Ithjraph ia, 7 1 . 
Spinaeh-Moth, 117. 
Spirachtha, 135. 


Spirifer, 431. 

Spiriferidae, 430. 

Spiroatoiimm, 568. 

Spiroatrept uUe, 211. 

Spiroatrc 2 )tua, 212. 

Spirula, 338. 

Spirulidaa, 338. 

Spiaula, 413. 

Spmidylidac, 410. 

Spoadylua, 410. 

Spongelia, 542. 

Sponges, 526. 

' Spongicola, 270. 

Spongillidse, 544. 
Spongiobranc7im>t 366. 

Sporozoa, 565. 

Squids, 328, 334. 

Squilla, 278. 

SqiUlHdar, 272. 

Stag-Beetle, 141. 

Staghorn-Fly, 72. 

Staircase- Shells, 387. 

Stundclla, 413. 

Staphyl inidfe, 1 34 . 

Star-Fishes, 304. 

Stauropas, 99. 

Stem Saw-Flies, 15. 

Stcaojiferyx, 75. 

Stentor, 567. 

Stcphalia, 483. 

Stick- Insects, IS 2. 

St ub am, 26. 

St. Mark’s Fly, 5S. 

StomaUqyoda, 272. 

Slonioxya, 68 . 

Stono-Flies, l7l. 

Stone-Lilies, 297. 

Slra'iiyalia, 153. 

Strativmyidu', 61. 

Stratiomys, 61. 

Strcplaxia, 343. 

Shrpopoinatida*, 386. 

Slriptoea ulaa, 5 1 6. 

Striptoplihirff, 307. 

Sfrobila, 495. 

Slrombidac, 384. 

Sfrotnhua, 385. 

Strongylldte, 453. 
Strongyfoeciitrotua, 310, 311, 315 
Struphochrilaa, 347. 

StmUh iolariidiv, 385 . 
StylaKtr.ridfe, 488. 

Styliola, 368. 

Sly I vex/ 1 as, 241. 

Slyhgastrr, 64. 

Slylonmmlo] th ora , 342. 
Styloaychia , 565. 

Stylopidae, 148. 

Submytilacca, 410. 

Succinea, 349. 

SucciiuUdff, 348. 

Sun -Animalcules, 559. 

Sarcala, 372. 

Swallow-Tails, 91. 

Swift Motli, 103. 

Sycamlra, 535. 

Sycoii, 536. 

Sycotypua, 376. 

Synapta, 312. 

Syaergua, 21. 

Sjpigamva, 454. 

\ Syatomidu’, 101. 
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Syivtcyinis, 101. 
Syroitiastcs, 189. 
Syrph'Uiaty 62. 

Syq)huift 62. 

Tahanidfe, f>9. 
TahanuH, 59. 

TaxMna^ 70. 

Tsmia^ 459. 
TeBnioglosaa^ 880. 
Tailed Was]w, 16. 
TalUrua, 277. 

Tanais, 276. 

Tapes f 414. 

Tape- Worms, 459. 
Tarantula, 238. 
TaraiUtdidte^ 220. 
TectibraiichifUa, 360. 
Tegemriaj 230. 

TelcuSy 22. 

Telegmas, 92. 
TelephoridaSy 145. 
TcUphorus, 146. 
Tellinay 413. 
IWiimccay 412. 
TellinidiBy 412. 
Teiuhrio, 147. 
Tcit^hrionidaCy 147. 
Tenthredihiida;^ 16. 
T&iUhredOy 17. 

Tcrasy 21. 

Terehcllny 437. 
TercheUidmy 437. 
2'ercMlumy 385. 
Tcrehray 371. 
TerehrattiJa, 428. 
TerebralvlUlfpy 427. 
Terebratulinay 427. 
Terebridsfiy 371. 
TeredOy 417. 

TcrvicSy 175. 

Termites, 172. 
Termitidas, 172. 
Tessertty 495. 
TesseridaSy 495. 
'Tcataccl/ay 343. 
I'estmdlidBey 343. 
TrMieardineSy 427. 
TethtjSy 356. 
Tetrabranchiatay 338. 
Tetrachay 130. 
Tetra^Umlliday 540. 
Tetragnathiy 232. 
Tetramcra.y 149. 
Tetranychidmy 242. 
Tctranychusy 243. 
Tetrasomay 45. 
2'clrastcmmay 457. 
Teftiginoiy 182. 

TettiXy 182. 
Thalmnitay 256. 
TheUassinideay 262. 
ThanmastochelySy 262. 
Theealiay 410. 
TheeUUumy 428. 
ThecUty 99. 
ThxxocyfdhV’Sy 505. 
Thecosomata, 369. 
Thdy])honidmy 218. 
ThehfjihonnSy 218. 
Thelphnsa, 257. 
ThelpliusUl(i\ 256. 


Thrraphosidu'y 224. 
Theridiuh'y 230. 
ThermophUa, 203. 

77/ iolliern'iiuiSy 299. 
ThoniisuliVy 232. 

Thorny Oyster, 410. 
ThracUty 418. 
Thread-Worms, 448. 

ThripSy 202 
ThyiUiray 100. 

Thycety 390. 

Thyridida>y\0i. 

ThyriSy 104. 

ThysaiiopU ni y 201 . 
T/iysatiozoifiHy 472. 
Thysanura, 202, 203. 
Tlufunida'y 32. 

Ticks, 211. 

Tiger- Hectics, 1.30. 
Tige.i-Moii:s, 111. 

TiiieOy 120. 

TincidiVy 12'», 

TingiSy 190. 

Thnagrriithiy 101. 
Tinopttlpusy 91. 

Tiphohitiy 386 
Tipiihty 52. 

TipvUdaCy .52. 

Titan If Sy 153. 

Tityiw, 215. 

Toilet-Sponge, .545. 

Tooth -Snells, 400. 

IWinuiy 387. 

Tortoiseshells, 85. 
TortricUltTy 118. 

'Tort, fix, 119. 

2'oxoghmay 370. 

ToxotaSy 153. 

'rracIffUy 112. 

Tra[»-Door Spideis, 22C. 
l^mnatoda, 463. 
Tiruntctfpnsy 331. 

Treji/ing, 314. 

'TriarthruSy 252. 
I'firhiliuniy 109. 

Triehitm, 454. 

TrichoflfSy 146. 

Tri rh optera , 1 59. 
Trirhopt^q/gida’y 138. 
Tridacna, 415. 

Tridaaiidae, 414. 

Trigona, 45. 

TrigmiWy 405. 

Trigmiiidsfy 405. 

Trilobites, 252. 

IVimera, 1.58. 

Triopiiy 355. 

TripdtiSy 218. 

Triton, 381. 

Tritonia, 350. 

TritovidfVy 381. 

Triton-oka, 377. 

TritaniidiPy 355. 

TroehidiP.y 39,5. 

'Troeht/2a(8y 464. 

7*riH.‘hoto}na, 396. 

TrorJiUH, 395. 

7\'ochocysf.iSy 297. 

TrogidnSy 241. 
TrombidiidH'y 242. 

Tromb id i nni, 212. 
Tnimpet-Animalcules, 567. 


Triiihcatdhiy 390. 
Trunjcaidlidn'y 390. 
TrypdinXy 71. 

Tryphminx, 23. 
Trypo-rylon, 3.5. 

Trymlinxy 180, 182. 

Tsetse Fly, 68. 

Tubidndlay 282. 

T^dncohiy 435. 

TuhifeXy 440. 

Tuhipora., 516. 

Tabipor: lap, 517. 
Tubitt'fariXy 228. 
Tubulipora, 423. 

Tudoi'n, ;i90. 

Tidip .•shells, 37.5. 
'Fun-Si.clls, 382. 
Tisrbadoyiay 469. 

T^u^^^’ndl fly 375. 
Tnrbindlidx, 375. 
Tnrbinidar.y 395 
Turbo, 395. 

Turnip-Flea, 157. 

TvrriSy 375. 

TurrilitvSy 340. 

Tii.sso( k-Moth, 110. 
Tyk'udinSy 450 
Typton, 270. 

7'yrwjtyphnSy 245. 

VinlacrinnSy 299, 301. 
Ulohorida'y 230. 

UlohoruSy 230. 
Umbrllitdaritry 227. 
Undfdlnla, 513. 

Umbrella, 364. 

UmbrdJ idapy 364, 
irnio, 411. 
tTnionidfVy 410. 

Uriypygi, 217. 

UUimuSy 384. 

Valifrray 273. 

V'ah'aJa-y 388. 

VaJvatidiVy 388. 

VnnxHsay 85. 

V dates, 395. 

Vddla, 484. 

V^ddlidfr, 483. 
l^duiy 191. 

VdUtia, 350. 

Veneracea, 413. 

Vrn-eridn'y 413. 
Vrntriculites, 539. 

VvnvSy 413. 

Venus’ Flower- Ihisket, 538. 
Ve.nus’ Girdle, 476. 
VrrdiUv m., 511. 

I 1''nnctkla\ 386. 

I I'rnnipsytta, 76>. 

Vrrt.igOy .‘147. 
rt'spa., 41. 
rrspidffy 40. 

Vinegar-K<‘l, 449. 

Violet Snails, 391. 

I'itrra, 345. 

F Ur in a, 341. 

Vivipara, 388. 

ViviparidWy .388. 

VolvCfdla, 62. 

Vohfta, 37 1 . 

Volutharpo y 377. 
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Volvtida, m. 
Volutiliihes, 374. 
VoltUolyriap 874. 
Toluioinitra, 374. 
Volutopsis, 376. 

VolvoXf 563. 

Vortex^ 470. 

Vorticella^ 566. 

Vuladla, 408. 

WaUlheimia, 429. 
Wall-Browns, 88. 
Warbles, 73. 

Wasps, 86, 40. 

Water- Beetles, 133, 140. 
Water-Boatmen, 198. 
Water-Bugs, 192. 
Water-Flea, 284. 
Water-Scoroions, 192. 
Water-Spider, 229. 


INDEX. 


Wax-Moth, 118. 

Weevils, 149. 
Wentle-Traps, 392. 
Whale-Iico, 278. 
Wheat-Eel, 449. 

Wheel- Animalcules, 445. 
Whelks, 376. 
Whip-Scorpions, 217. 
Whirligig beetles, 134. 
White Admiral, 86. 
White Ants, 172. 
WilUmema^ 264. 
Wing-Shells, 384. 
Wocd-Lice, 275. 

Worms, 432. 
Worm-Shells, 386. 

XcTwphoridm^ 390. 

Xcnoa, 149. 

Xip?u)sura, 249. 


Xyloeopa, 43. 
Xylcpha^t 416. 
Xylotrya, 417. 


Yetus, 874. 

Yoldia, 404. 
YpsUaihurUi, 313. 


Zabrua^ 132. 

Zelotypuit 103. 
ZephroniidfR^ 210. 
Zcphr(miodfi»mu8f 211 . 
Zidma^ 374. 
ZmiUlmria^ 503. 
ZowUea, 345. 

ZygsBfMby 102 . 
ZygamidaBt 102. 
Zygophiurm, 307. 
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